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My dear Siv Roayjnuleh Coin Tomer, 
The King will be grateful if you will express 
to all the orthopaedic surgeons associated with 
you his sincere thanks for the copy of the first ' 
British volume of the Joumnal of Bone and Joint 
Surgery sent with your letter of January lst, and 
for the good wishes that accompany it. 
His Majesty is glad to have this record, in ( 
which he will find much to interest hin. 


Yours sincerely ; 


Jomth, _: ; 


Sir snes. Watson-Jones, 
FRCS. ,LRCP. , 
82 eae | Place, 
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HIS MAJESTY THE KING 


A hand-bound copy of the first British volume of the Journal of Bone and Joint Surgery 
was presented to His Majesty the King by members of the British Orthopaedic Association, 
Canadian Orthopaedic Association, Australian Orthopaedic Association, and all the 
orthopaedic surgeons of the Commonwealth of British nations, together with an expression 
of their loyal appreciation of the King’s interest, and his approval of their close collaboration 
with surgeons of the United States of America. We are privileged to publish His Majesty’s 
gracious reply. 

All surgeons of the English-speaking peoples join in expressing their sympathy with 
the King in his serious illness, and in acknowledging the indomitable spirit with which he 
faced disability and associated himself, in his Christmas message, with those of his subjects 
who are also disabled. It is with great relief that we learn of the progress which has been 
made; and it is our sincere trust that His Majesty’s recovery may be rapid and complete. 

EDITOR. 
BRACHIAL PLEXUS INJURIES 

In 1864 Weir Mitchell published his account of a systematic study of the nerve injuries 
of warfare. There were ‘‘ about 120 cases, all of which have been carefully reported in our 
notebooks during the past year. No labor has been spared in making these clinical histories 
as perfect and full as possible. Those only who have devoted themselves to similar studies 
will be able to appreciate the amount of time and care which has been thus expended. We 
indulge the hope that we shall leave on record a very faithful clinical study of nerve injuries, 
and that we shall have done something at least towards lessening the inevitable calamities 
of warfare.”’ The time has again come when British workers in the same field are making 
similar contributions, with the difference that records are now numbered by thousands, and 
that workers in different centres have achieved remarkable uniformity of documentation. 

In this number of the Journal, D. M. Brooks gives the most complete report that has 
yet appeared of the end-results of open wounds of the brachial plexus. On account of the 
complexity of the nerve trunks involved, a special method of grading recovery had to be 
devised; it has been successful in that it gives the careful reader a clear picture of what 
happens. The most striking finding is the rarity of anatomical interruption. It may be 
presumed that, owing to proximity of the great vessels of the limb, only men with com- 
paratively benign injuries survived. Recovery after a lesion in continuity of C.5 and 6, or of 
the posterior cord, was usually most satisfactory; but even where exploration showed an 
apparently favourable lesion of C.8 and T.1, or of the medial cord, recovery in the small 
muscles of the hand was usually so poor as to be useless, and no better in the three cases 
where surgical repair was undertaken. The survey has thus led to an important practical 
conclusion: that, with one exception, nothing was gained from exploration of a brachial 
plexus injured by an open wound. The exception was a lesion involving C.5 and 6—where 
repair of a divided upper trunk may be worth while. 

Many cases of traction injury of the plexus were seen during the war, and in these days 
of high-speed road transport such injuries have a permanent interest. Barnes describes his 
findings in sixty-three cases; and Kerr has added an interesting note on two cases in which 
the cervical plexus was also involved. Hitherto, these injuries have been regarded with 
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profound pessimism; and treatment has been perfunctory, with the result that joint stiffness 
has been allowed to occur with depressing frequency. Yet Barnes has shown that when 
conservative treatment was carried out thoroughly, and over a long period, there was 


surprisingly good return of function after many lesions of the upper three roots. As after 
open wounds, recovery in the muscles of the hand after damage to C.8 and T.1 was poor. 
Lesions involving the whole plexus never recover completely; and the presence of a Horner’s 
syndrome is a bad sign. In the early days of the war there was much talk of benefiting 
these cases by early exploration. It was supposed that recovery might be hindered by 
extraneural scarring; and because late operation had been a failure it was thought that early 
exploration might, in some vague way, succeed. But Barnes points out that extraneural 
scarring is incidental and that, as in traction lesions elsewhere, the significant damage is 
intraneural fibrosis. There could hardly be a more striking demonstration of the slow and 
delayed influence of this scarring than Penfield’s case in which after thirty-seven years it 
began to affect the spinal cord itself. 

Barnes is strongly and justifiably in favour of conservatism. There is, nevertheless, an 
occasion when exploration may be useful. If there is complete brachial plexus paralysis, an 
exploratory operation will show whether the plexus is still in continuity or is completely 
disrupted—if the latter then no time need be wasted on conservative treatment. Bateman 
has contributed a valuable note on an approach to the plexus that is facilitated greatly 
by placing the patient in the sitting rather than in the supine position. 

No account of brachial plexus paralysis is complete without reference to the recon- 
structive measures that are often required in the treatment of residual paralysis, and 
Hendry has contributed an account which is based on very wide experience. He is opposed 
to amputation even of a completely paralysed part. Perhaps, before long, there may be 
opportunity to compare the results of his staunchly conservative surgery with those of 
amputation, and the fitting of a modern artificial limb. He begins, appropriately enough, 
with the paralysed hand and describes a number of useful operations for activation of the 
fingers. He is less sanguine about tendon transplantation for paralysis of the thumb and 
places more reliance on arthrodesis, sometimes combined with a flying buttress between the 
first and second metacarpals to hold the thumb in palmar abduction. But Hendry’s 
conservatism is full of surprises and he has no hesitation in challenging the value of 
conservative procedures which are commonly accepted. While not condemning arthrodesis of 
the wrist joint he regards this operation as of limited value and often inferior to his ingenious 
flexor-extensor tenodesis. Again, in choosing the position of the forearm he prefers full 
supination for the patient with a flail hand though he agrees that the mid-position is better 
cosmetically. Having dealt with the hand he tackles the elbow by means of a posterior bone 
block, an operation that he has performed twenty-one times; in nine cases the limb was 
completely flail. He makes out a good case for this novel procedure. 

No two paralysed arms are identical. It is difficult to formulate rules that can be applied 
to every case, and Hendry has not succeeded in doing so. What he has done is to impress 
on his readers the necessity for careful analysis not merely of the extent of paralysis but of 
every concomitant joint contracture; only then can the operative procedures, arthrodesis, 
tenodesis, tendon transplantation, and bone block of joints be deployed in the right 
combination and the right order. H. J. SEDDON. 


ROWLEY BRISTOW MEMORIAL FUND 
The Rowley Bristow Memorial Fund will be closed very shortly. It is proposed to 
establish a lectureship, or a student scholarship, by which to perpetuate the memory of a 
great British orthopaedic surgeon who was respected no less in the United States of America 
than in Great Britain. The attention of readers is called to a letter, in the correspondence 
columns of this number of the Jcurnal, from Professor George Perkins. EDITOR. 
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S. ALAN S. MALKIN 
President of British Orthopaedic Association * 


In choosing the subject of their presidential addresses some of my predecessors selected 
clinical matters in which they were specially interested, while others made observations of 
a more general character. Much of what I shall say to-day is the outcome of informal 
discussion with colleagues, young and old, and my purpose is to refer to certain aspects of 
our work which warrant more attention than they have received. Just as in the life of an 
individual it is necessary from time to time to reflect, and to consider whether objectives 
are being achieved, so in the life of a Society it is advisable occasionally, but not too often, 
to review the past, assess the present, and look into the future. This is particularly important 
to-day, not simply because this year our Association completes thirty years of life, but 
because we are living in difficult and changing times when it is more than ever necessary to 
see Clearly where we are going. 

I propose first to recall to your minds certain facts with which older members of the 
Association are familiar but which are less well known to younger members; and particularly 
to contrast the status of orthopaedic surgery at the time of the first World War with its 
status to-day. When war was declared in 1914 there were few orthopaedic surgeons in 
England. One—Sir Robert Jones—was outstanding both nationally and internationally. 
At that time there were few orthopaedic hospitals, but by the efforts of this great leader a 
number of special military surgical hospitals were established. Through his influence, 
American orthopaedic surgeons came over to England to assist in staffing these hospitals: 
it would have been quite impossible for Great Britain herself to supply all the surgeons 
necessary. It is interesting to remember that these hospitals were called “ Special Military 
Surgical Hospitals” and not ‘‘ Orthopaedic Hospitals.””. The word orthopaedic was not well 
received by some surgeons and it was thought better to avoid the use of it—an interesting 
commentary on the position at that time. Even by the standards of to-day you would have 
regarded these special hospitals as complete and fully equipped. There were, of course, 
differences. For example, no facilities were provided, as they were in the recent war, for 
strenuous exercises and games in the final stages of rehabilitation; nor were there special 
occupational therapy departments. Nevertheless, workshops were recognised as essential 
parts of the hospitals, and Sir Robert Jones was particularly keen that men should restore 
themselves to health and strength by their own efforts, and not rely on passive physiotherapy 
to do the job for them. 

These hospitals prevented much deformity and disability, and later it was urged that 
the facilities which had been provided for the casualties of war should be made available to 
the cripples and potential cripples of peace. In 1919, Robert Jones and Gathorne Girdlestone 
published an article in the British Medical Journal which outlined a national plan for the 
prevention and treatment of crippling conditions, and for the training of cripples who could 
not easily take their place in the ordinary life of the community. This was one of the first 
experiments in Social Medicine, practised long before the birth of that subject as we know 
it to-day. The establishment of country orthopaedic hospitals was advocated, which with 
out-patient clinics and workshops would form complete units. The disinterested enthusiasm 
of many to whom this scheme appealed made it possible for such orthopaedic units to be 
established in Great Britain, ready to play their part in dealing with the casualties of the 
second World War. This time there was no doubt of the need for orthopaedic surgery and 


* Presidential Address, delivered at the Annual Meeting of the British Orthopaedic Association in Belfast, 
October 1948. 





VoL. 31 B, No. I, FEBRUARY 1949 








6 Ss. A. S. MALKIN 


orthopaedic hospitals. New hospitals had to be established for the reception of casualties, 
but those already in existence formed the nucleus of the national orthopaedic service. This 
in itself is an indication of the progress which has been made. There are many others, such 
as the fact that Chairs of Orthopaedic Surgery have been established in Oxford, Liverpool, 
and Manchester; that an orthopaedic surgeon has recently been appointed as professor of 
surgery at a London teaching hospital; that two leading members of our association are 
Members of the Council of the Royal College of Surgeons of England; and that, twice since its 
formation, the International Society of Orthopaedic Surgery has had for its president one of our 
members. It is fair to say that there are now few hospitals of size and standing in Great Britain 
without orthopaedic departments staffed by trained orthopaedic surgeons. Orthopaedics now, 
without question, embraces traumatic surgery; it co-operates with those who practise 
neurosurgery and plastic surgery; and it seeks within itself to develop such special work as 
the surgery of the hand. It has achieved this position not by narrowing but by broadening 
its outlook, and it insists that young orthopaedic surgeons should first gain a sound 
knowledge of, and a higher qualification in, general surgery. 

From every point of view the Association can look back on the period since the first 
World War as one of great development and progress. But the real test of health and vigour 
is whether orthopaedic surgery attracts young men of ability and character who see in it 
the opportunity to lead useful and satisfying lives. Are they so attracted? The succession 
of young men who have joined the ranks of our Association gives, not a weak, but a strongly 
affirmative answer to that question. It might be considered, therefore, that all is well, and 
that for progress to be maintained it is necessary only to continue on the lines already laid 
down. There are good reasons for believing that there need be no anxiety as to the security 
of the position of British orthopaedic surgery; but fortunately, as I believe, there are many 
weighty reasons for thinking just the reverse. If we are to continue to make that contribution 
to leadership in orthopaedic surgery, as practised throughout the world, which we could and 
should make, there is need for very clear thinking and for strenuous effort. I said that this 
was fortunate, for if a real effort on our part were not required we might fear that, added to 
our other troubles, there had fallen on Europe the worst of all evils—intellectual stagnation. 

In our Constitution the object of the Association is stated to be “‘ the advancement of 
the science and art of orthopaedic surgery.’’ You will notice that it is not “the art and 
It may be that the words were placed in that order for 


” 


science,’ but “‘ the science and art. 
the sake of euphony, or because of custom, but it may also be that the order was chosen 
deliberately. Whatever the reason, I think it cannot be disputed that we have reversed the 
order and put art before science. Many of us have concentrated so much on technique and 
technical matters, which may, after all, be no more than temporary and short-lived, that we 
have neglected almost completely the scientific aspect of our work which could make a 
permanent contribution to knowledge. This does not mean that the standard of orthopaedic 
surgery in this country is low. I believe that any patient requiring orthopaedic treatment, 
wherever he lives in Great Britain, has within easy access the facilities which are necessary 
to give him sound and efficient treatment. But there has been greater interest in technical 
advance and new methods than in scientific progress, and there is no doubt that much of 
our work is empirical. 

We know that many of the methods we employ depend on impressions of our results, 
sometimes indeed on our temperaments, and on changing fashions, rather than on clear and 
logical thought. Statistical analysis of our cases, and of our methods, is not always adequate ; 
and sometimes, unwittingly on our part, we draw inferences which are quite incorrect and 
misleading. I fear that many of them would not bear the scrutiny of a trained statistician. 
We have all had the experience of visiting a hospital and being shown satisfactory results 
from one method of treatment, while at another hospital methods which were apparently 
quite different were claimed to be equally good. There are many instances: for example, the 
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treatment of fractures of the spine with or without plaster fixation; the treatment of sciatica 
by rest or by operation; the functional as opposed to the anatomical treatment of fractures: 
and there are other, and perhaps better, examples. There must be some explanation for this 
diversity. It may be that we are unable to assess clearly what we have done. It may be 
that on occasion we have over-persuaded patients who will not let us down. It may be that 
we aim at producing the satisfied patient—an aim not to be belittled, but not the scientific 
test of success; or it may be that in diverse treatments there are common factors which 
themselves, though unrecognised, are the real causes of success. Such possibilities have this 
in common—they show a lack of the scientific outlook. I do not suggest that this is a British 
failing alone, although it may well be one to which we are prone because of our national 
instinct, and our tendency not to worry too much about theories but rather to aim at results. 
As ‘“‘a nation of shopkeepers ”’ it is perhaps not unnatural that we should be concerned with 
the delivery of goods. This is of course vitally important, and it does keep our feet firmly 
on the ground, but nevertheless it can be a source of weakness. 

It may be contested that orthopaedic surgeons have taken full advantage of scientific 
developments and that there is no comparison between the results of treatment during the 
first and second World Wars. It may be said that many men who were injured in the second 
World War would never have returned to duty if they had been injured similarly in the first 
war. This is true; but it does not necessarily mean that orthopaedic surgery itself has become 
more scientific; it may be no more than that orthopaedic surgeons have utilised the results 
of the scientific work of others—work which produced penicillin, sulphonamides, and inert 
metals, which is a very different matter. I would not like it to be thought, and indeed it 
would be unjust to say, that really good scientific research has not been carried out ; but what 
I do say is that many members of this Association have been concerned with practising 
orthopaedics as an art and not as a science. Few of us have that detached point of view which 
made Lambrinudi’s observations of such value. 

If we are to achieve the objects of this Association we must become more scientifically 
minded. We must give more attention to research in all its forms: clinical observation; 
experiment in man; and experiment in animals. Some years ago Wilfred Trotter pointed out 
that clinical observation, except in the hands of an occasional genius, had not been a very 
effective instrument by which to penetrate the fundamental secrets of health and disease, 
but that nevertheless it could be an important instrument for assessing the results of treatment 
if it was recognised, not as a spare time hobby to be indulged in when a paper was to be 
written, but as work which must be done constantly. It may be felt that, for such clinical 
observation, much time must be given ; and that in our over-worked state this is not possible. 
There is much truth in this. But the difficulty could be overcome if sufficient men of the right 
calibre—those who had reached the senior registrar or assistant surgeon status, having 
first gained some knowledge of statistics—were available to collect cases and assess treatment 
as part of their normal work. I do not think that many men, except occasionally and for a 
limited period, should devote their whole time to this type of research, but it should be one 
of their duties, at least in the early stage of their careers. The work of one man, dealing with 
a particular problem, should not necessarily be confined to one unit or centre; if it were not 
so confined the same judgment could be applied to comparable groups of cases treated by 
different methods. It would be possible in these circumstances for a man—if his mind were 
acute enough—by assessing the results of different types of treatment to find out what really 
was essential in each, thus at the same time advancing knowledge and simplifying treatment. 
He might also, by carefully assessing symptoms, deduce their real causes. Clinical observation, 
properly organised and conducted, could yield a rich harvest. 

Experiment in man has some value in orthopaedic surgery but the application is limited. 
It may be used from time to time to prove that deductions made from clinical observations 
are correct. As a rule, however, such experiments as are possible will deal more with methods 
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of treatment and technique than with assessment of the causes of disease. As an instance 
I would quote from the diary of Dr John Knyveton (1763-1809). ‘‘ June 3, 1777. M. Sigault, 
a surgeon of Paris, has made a great noise and stir by dividing the pubic symphysis in a case 
of child-birth, in order to free the child’s head by dividing the bony ring of the pelvis. The 
French government have awarded him a pension, and a medal has been struck in his honour: 
but I do not like the sound of the business at all, and have but lately returned from Mr John 
Hunter, with whom I discussed the matter. ... Nevertheless, in order that the exact degree 
of utility of this new operation may be accurately assessed, Mr Hunter will perform a series 
of operations on the symphysis in company with his brother William: and Mr Osborne is to 
collect all information, examining the cases published and the results of the operations of 
the brothers Hunter, so as to prove by facts and experiments the use or otherwise of this 
new treatment.” This is surely the plan 





experts to perform the operation, and independent 
observers to assess the results. 

Apart from clinical observation, the method to which we must look for most advance in 
orthopaedic surgery is animal experimentation and laboratory research. But here is a great 
difficulty: few of us are trained research workers, and moreover it is hard to combine research 
with routine clinical duties. It is probably true that research is best done by the young. 
Indeed it is said by some of considerable experience that the best and most original research 
work is done before the age of thirty. This does not mean that no research is done after that 
age but very often, though carried out later, it was conceived in youth. Lister and Hunter 
began their experiments when they were still young. Isaac Newton made discoveries at the 
age of twenty-four, and it is interesting to remember that his great work was begun in the 
disturbed years of the Plague, and the Fire of London, in 1665 and 1666, when there was 
probably far less security of life than there is to-day. Referring to himself when he was at 
this age, Isaac Newton said: “I was in the prime of my age for inventions, and minded 
mathematics and philosophy more than at any time since.’’ It may be, as Francis Bacon 
observed: “‘ the invention of young men is more lively than that of the old, and imagination 
streams in their minds, as it were, more divinely.”” The concensus of opinion seems to be 
that youth is the best time for research. The point for us is that the man who specialises in 
orthopaedic surgery, and who reaches the status of an assistant orthopaedic surgeon by about 
the age of thirty, will have passed the time when he could have done his best work. Moreover, 
research demands much knowledge of the basic sciences; it must be carried out in institutions ; 
and it must be correlated with work in other fields. How can the dilemma be overcome? 
First by close co-operation between orthopaedic surgeons and physiologists. Just as in some 
clinics the anatomist is a member of the orthopaedic team, so the physiologist should be 
invited to join us and find answers to some problems which can be solved only in the laboratory. 
The physiologist could do fundamental research; he would be the link with other sciences; 
and our part would be to put problems before him, to discuss possible solutions, and to assist 
in technical details as required. May I remind you that twenty-seven years elapsed before 
recognition of the enormous clinical value of sulphanilamide, discovered in Vienna in 1908 
by a scientist, Gelmo; and that it was very many years after Sir Alexander Fleming discovered 
penicillin in his London laboratory that clinical applications were first made. The links 
between medicine and science must be forged much more strongly. 

My second proposal is that every man while training in orthopaedic surgery should, 
during one year, spend time in the research laboratory. This need not necessarily be full-time 
work; nor do I think that every man is equally fitted for research. But I do believe that, 
whether fitted or not, such experience would stimulate his scientific outlook. As Goethe 
said: ‘‘ He who with inadequate talent devotes himself to music will never indeed become a 
Master, but he will learn to know and value a masterly production.”’ 

I must turn for a moment to the National Health Services Act, which is having such 
far-reaching effects on our profession. Section 16 states: ‘‘ 1) Without prejudice to the general 
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powers and duties conferred or imposed on the Minister under the Ministry of Health Act, 
1919, and the duties imposed on the Committee of the Privy Council for Medical Research 
under the said Act, the Minister may conduct or assist by grants or otherwise any person to 
conduct research into any matters relating to the causation, prevention, diagnosis or treatment 
of illness or mental defectiveness. 2) The Board of Governors of a teaching hospital and a 
Regional Hospital Board and a Hospital Management Committee, shall have power to conduct 
research into any of the matters aforesaid.”” The Government, therefore, directly through its 
hospital boards and management committees, has assumed the duty of providing research 
facilities, and it is for us to see that these facilities are developed fully. The executive of this 
Association has felt that it could assist in co-ordinating research by forming a special research 
committee. To this committee anyone can appeal for assistance, particularly when work is 
to be done at more than one centre. The committee will serve in promoting liaison and it 
may also initiate special studies. 

Important research is being carried out in many parts of the world. Investigations have 
been undertaken in America on the mineral and protein content of bone in relation to function 
and form. Work in the University of Chicago on the spontaneous recovery of muscles after 
incomplete denervation may have important applications in the treatment of infantile 
paralysis. In Stockholm the properties of articular cartilage in the normal subject, and in 
various pathological states, has been studied. There have been important studies in this 
country, and at this meeting you have heard of the research of young members of our 
Association into the regeneration of human muscle after ischaemic necrosis, and the causes of 
premature epiphyseal fusion in osteoporosis. But how much more there is to be done. 
Consider the problem of scoliosis. Is so-called idiopathic scoliosis always, or sometimes, 
due to unrecognised poliomyelitis? Can its progress be prevented in the early stages? 
What is the best method of treatment? And again, why does the upper femoral epiphysis 
sometimes slip in adolescence? We have concentrated on treatment, but the real problem 
is that of prevention, and there is need for both physiological and biochemical studies. 
Think of the problems of sciatica. What is the physiological, anatomical, and pathological 
background of degenerations and displacements of disc lesions? Can they be prevented? 
Many other examples will come to the mind of every member of the Association. 

In conclusion, I would remind you that in concentrating on the scientific aspect of our 
work we should do no more than return to the ideals of the founder of British scientific 


surgery—John Hunter. In delivering a Hunterian oration, Sir James Paget said: 
‘“ Hunter’s greatest work was in physiology . . . He brought the scientific method into the 


study of practice and he welded scientific knowledge with the lessons of experience. 
Either science or art can do many things; even a one-handed man is far from’ helpless; but 
two hands are better; they should work together in harmony with mutual help; for the best 
work can be done only when the power and skill of science and art are combined, as with 
one thought and one design. It was thus that Hunter wrought in surgery.” 

Let us make this our aim. Let us combine the science and art of orthopaedic surgery 
as with one thought and one design. 
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TRACTION INJURIES OF THE BRACHIAL PLEXUS IN ADULTS 
ROLAND BARNES, GLASGOW, SCOTLAND 
From the Department of Orthopaedic Surgery, University of Glasgow 


During the recent war many traction injuries of the brachial plexus were treated in the 
Peripheral Nerve Injury Centres which were established under the aegis of the Medical 
Research Council of Great Britain. This paper is a review of sixty-three closed injuries of 
the plexus which were treated in three of these centres. It does not include any post- 
anaesthetic lesions. The mechanism of injury, and the factors influencing the prognosis, are 
discussed and evidence is cited to support the principle of conservative treatment of the 
primary nerve lesion. 





Fic. 1 


Mechanism of traction injury of the upper roots of the plexus. With the upper 
limb by the side, the head and shoulder are forcibly separated. Most stress 
then falls on the upper roots. 


MECHANISM OF INJURY 

Motor-cycle accidents are responsible for most traction injuries of the plexus. The 
patient is usually unconscious for some hours, and very often the mechanism of injury is 
conjectural. It is agreed, however, that in traction injuries the essential factor is forcible 
separation of the head and shoulder, the position of the upper limb at the moment of impact 
determining the particular roots of the plexus which will receive the brunt of injury. 

The brachial plexus is protected by the scalene muscles and by a strong layer of deep 
cervical fascia. Violence must be severe enough to tear the fascia, and rupture the scalene 
muscles, or to avulse the tubercles of the transverse processes from which the muscles arise, 
before stretching of the nerve roots can occur. 

When the shoulder is forcibly depressed with the arm by the side the greatest stress 
falls on the upper roots, and it is impossible to put the lower roots under tension (Fig. 1). 
The violence may even cause downward dislocation of the first rib, but the lower roots still 
escape injury if the limb is by the side. Some additional factor must therefore operate when 
the lower roots are damaged irreparably. It can be shown by experiment on the cadaver 
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that tension is exerted on all roots of the plexus when the abducted limb is forced behind 
the trunk and the head is thrust towards the opposite side (Fig. 2). The tension on each root 
varies with the position of the limb: elevation increases tension on the lower roots; adduction 
increases tension on the upper roots. These observations are in accord with clinical findings, 
for lesions of the whole plexus may be divided into three types: 1) lesions with permanent 
paralysis of all muscles of the limb; 2) lesions in which there is early return of voluntary 
power in muscles innervated by the lower roots, and no recovery in muscles innervated by 
the upper roots; 3) lesions in which there is late return of voluntary power in muscles 
innervated by the upper roots, and no recovery in muscles innervated by the lower roots. 
The lower, or Déjerine-Klumpke, type of paralysis is uncommon in adults. There was 


f})}) 


Yy 
Yi} 





ZF 
— 
a Fig. 2 


Mechanism of traction injury of the whole plexus. The abducted upper 
limb is forced behind the trunk, and the head is thrust towards the opposite 
side. All roots of the plexus are then under tension. 


no pure lesion of C.8 and T.1 roots in this series, but two patients had a lesion of C.7, C.8, 
and T.1 roots which were not caused by motor-cycle accidents. One patient was blown up 
by a land mine, and the other was involved in an aeroplane crash; both were unconscious 
for several hours and it was not possible to elicit details of the mechanism of injury. The 
probable explanation of the rarity of the Déjerine-Klumpke type of palsy is that in adults 
violent traction is seldom applied to the fully elevated upper limb, and that the shoulder 
girdle has not the same mobility in adults as in the new born. 


NATURE OF INJURY 
Substantial stretching of nerve roots is possible before actual rupture occurs. Many 
surgeons believe that rupture of the roots of the brachial plexus is frequent, and this 
belief has dominated the treatment of traction injuries of the plexus. It is one of the 
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favourite arguments advanced in support of early operation. Nevertheless, Stevens (1934) 
stated that rupture of nerve roots with complete separation of the torn ends was a rare 


lesion, and this view is supported fully in this series by observations made at the time of 
operation. Ten severe injuries of the brachial plexus were explored and in only one patient 
was there complete rupture of the nerve roots. 

Moderate stretching of a nerve root causes temporary inhibition of conductivity which 
affects the motor rather than the sensory fibres. There is no degeneration of the nerve distal 
to the lesion and complete recovery occurs within two months of injury. 

Traction injuries of greater severity cause a degenerative lesion of the axons but no 
disturbance of the internal architecture of the nerve. Spontaneous recovery of function 
may be expected, though it is slow because many regenerating axons have to travel long 
distances before connection with their end-organs is established. With proper treatment, 
complete recovery may be expected, though not in the intrinsic muscles of the hand. Failure 
of recovery in these muscles may be explained by irreversible changes occurring in the motor 
end-plates before the axons re-establish connection with them. 

Traction injury of still greater severity causes disruption of the axons and considerable 
damage to the intraneural blood vessels and connective tissue. Intraneural scarring is then 
inevitable; recovery is patchy and incomplete, or it may even be prevented altogether. 

Very great violence may rupture one or more roots of the plexus. The rupture is never 
clean cut, and it is always associated with severe scarring of both stumps for some distance 
on each side of the rupture. For this reason it is impossible to perform satisfactory end-to-end 
suture of the ruptured nerve after adequate resection of the stumps, and nerve grafting is 
the only feasible method of restoring continuity. 

Most brachial plexus injuries are mixed lesions, for there is wide variation in the traction 
violence applied to individual nerve roots. All traction injuries are of considerable extent 
and, in the more severe lesions, several centimetres of the nerve may suffer gross intraneural 
damage. It is important to appreciate that it is intraneural damage, and not extraneural 
scarring caused by associated soft tissue injury, which is the barrier to recovery. 


CLINICAL FEATURES 

Traction injuries of the brachial plexus may be divided into four main groups: 1) lesions 
of C.5 and 6; 2) lesions of C.5, 6, and 7; 3) lesions of the whole plexus; 4) lesions of C.7, 
C.8, and T.1. The distribution of anaesthesia and muscular paralysis in each of these groups 
is too well-known to require description. The muscular branches are not always derived 
from the same roots of the plexus and for this reason there is some variation in the extent 
of paralysis in each group. Sometimes the third and fourth cervical roots are involved 
in the traction injury, in which case the area of anaesthesia extends over the shoulder 
on to the side of the neck. 

Paralysis is always most extensive immediately after injury. Study of these cases 
has produced no evidence to support the contention of Davis, Martin, and Perret 
(1947) that “ subsequent extensive scar tissue formation tends to impair to various degrees 
many originally uninjured portions of the plexus, and gives rise to disseminated and 
incomplete motor and sensory disturbances.’”’ This view is still widely held and it is 
responsible for much futile and even mischievous surgery. 

It is impossible by clinical examination to determine the prospects of recovery in 
degenerative lesions of the nerve roots. The clinical picture of a degenerative lesion of the 
axons, a lesion with rupture of axons and intraneural scarring, and a complete rupture of 
the nerve root, are identical. Early operation is often advised in order to discover the exact 
nature of the lesion but unless the nerve roots are ruptured, which as we have seen is 
infrequent, there is nothing to be gained. If the nerve is in continuity it is quite impossible 
by naked-eye examination to give a satisfactory prognosis. 
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The lesion is always supraclavicular and the most common situation is in the roots, 
somewhere between the intervertebral foramina and the point where the roots join to form 
the three main trunks. Signs pointing to a high lesion of the fifth and sixth roots include 
paralysis of the diaphragm, rhomboids, and serratus anterior; and in the first thoracic root, 


Horner’s syndrome. In this series, signs of a high lesion were present in seven out of forty 
traction injuries of the upper roots, and in fifteen out of thirty traction injuries of the first 
thoracic root. 

Pain may be an early and distressing symptom. It is usually most persistent in severe 
traction lesions of the lower roots of the plexus and it is an unfavourable prognostic sign. 
Oedema is always a troublesome feature when paralysis is extensive and, unless prevented 
by prompt and energetic treatment, it causes rapidly increasing stiffness of the joints. 


TABLE I 


ANALYSIS OF RECOVERY IN LESIONS OF C.5, 6, 7 Roots 











Satisfactory funct:onal recovery 
| Roots Number of Incomplete No 
| involved cases Within six Guersix recovery recovery 
| months months 
| 3, 4,5 1 1 
| 
| 4,5 2 1 I 
| 3,4,5,6 
5, 6 10 + t | I 

3, 4, 5, 6, 7 1 1 

4,5, 6,7 1 | 
3; 6.7 17 4 6 6 1 

PROGNOSIS 


Perusal of the surgical literature leaves one with the impression that most traction 
injuries of the plexus are hopeless surgical problems. So gloomy a view is not supported by 
this survey, for many lesions of the plexus recovered satisfactorily provided only that 
meticulous attention was given to the details of conservative treatment. 

Non-degenerative lesions of the plexus always recover quickly and completely. They 
are distinguished easily from degenerative lesions by persistence of normal electrical reactions 
for longer than eighteen days after injury and by absent, or no more than patchy, sensory 
loss in the areas normally innervated by the damaged nerve roots (Seddon 1943). In this 
series, thirteen of the sixty-three injuries of the plexus could be described as non-degenerative 
lesions and, as one would expect, they were more common when the damage was confined to 
C.5, 6 nerve roots. 

In degenerative lesions the pattern of recovery was fairly constant; lesions of C.5, 6 
recovered well, whereas some residual palsy was inevitable in lesions of the whole plexus. 
The prognosis of lesions of the upper roots of the plexus was not influenced by the level of 
the lesion, nor by involvement of the third and fourth cervical nerves in addition to the 
main roots of the plexus (Table I). 

Lesions of C.5, 6 nerve roots—There were fourteen patients with lesions of C.5, or C.5, 6 
roots (Table I). Eleven patients regained flexion of the elbow, abduction of the shoulder, 
and external rotation of the shoulder, against gravity and resistance, though not all were 
capable of sustained effort. Two cases were rated as failures although, in fact, the follow-up 
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period was not sufficient for final assessment. In one patient there was incomplete recovery 
in the flexors of the elbow joint. In all cases rated as satisfactory, weak contraction was 
noted in the paralysed muscles within nine months of injury. 


_ 


Lesions of C.5, 6, 7 nerve roots—lIn so far as lesions of C.5, 6, 7 are usually caused by 
greater violence, the results of conservative treatment are less satisfactory than in lesions of 
C.5, 6 (Table I). Even so, eleven of the nineteen patients in this group regained extension 
of the wrist and fingers, flexion of the elbow, and abduction of the shoulder against gravity 
and some resistance. In six patients there was incomplete recovery of function in the paralysed 
muscles; and two were failures. 

The residual paralysis in the six incomplete recoveries was interesting. Half the patients 

had residual paralysis of the abductors and external rotators of the shoulder; these injuries 
of the plexus were apparently caused by forcible depression of the shoulder with the limb 
by the side. The other three patients had residual paralysis of the extensors of the wrist 
and fingers, the plexus injury being caused by the abducted limb being forced behind the 
trunk (Fig. 2). 
Illustrative case—/. D., aged 19 years, was struck on the left forearm by a heavy piece of stone during 
an air-raid. The arm was forced backwards and outwards, and there was immediate paralysis and 
numbness of the whole limb. On admission to hospital, examination revealed a fracture of the left radius, 
and a traction injury of the C.5, 6, and 7 roots. Within six months of injury there was good recovery 
in all the paralysed muscles with the exception of those innervated by the seventh cervical nerve root, 
and in these muscles paralysis was permanent. 


Traction injuries of C.5, 6, 7 were usually mixed lesions and the time of reappearance 
of voluntary power in the paralysed muscles varied considerably. The flexors of the elbow 
often recovered within two months of injury. Satisfactory recovery was possible in the 
deltoid even when voluntary contraction was first noticed thirteen months after injury. 
Lesions of the whole plexus—There were four non-degenerative lesions of the whole 
plexus and all recovered completely within six months of injury. In the other twenty-four 
cases the patient had either permanent paralysis of all muscles of the limb, or incomplete 
recovery in the muscles innervated by the upper or lower roots of the plexus (Table II). 


TABLE II 


ANALYSIS OF RECOVERY IN TWENTY-EIGHT LESIONS OF THE WHOLE PLEXUS 





; Cases with Cases with 
Number of : i 
Degree of recovery peel Horner’s severe Remarks 
myo syndrome pain 
All were non-degenerative 
Complete recovery 4 lesions. Complete recovery 


within six months 
First sign of recovery in muscles 
(a) innervated by C.5, 6 roots noted 


Upper 7 6 > at six to fifteen months from 
Incomplete snes the date of injury 
recovery - : 
(b) Complete recovery of muscles 
Lower 10 : 2 innervated by C.8, T.1 roots 
roots within two months of injury 
No recovery 7 7 4 











Horner’s syndrome is always a grave prognostic sign. It indicates irreparable injury of 
the lower roots and often of the whole plexus. Thirteen of these patients had Horner’s 
syndrome; seven were left with permanent total paralysis of the upper limb; and six regained 
useful voluntary power in the abductors of the shoulder and flexors of the elbow, but no 
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recovery in any muscle of the forearm or hand. The first sign of recovery in the muscles of 
the shoulder girdle was observed at intervals varying from six to fifteen months. 

The ten cases without Horner’s syndrome were, with one exception, mixed lesions of 
the plexus. Sensation was often unimpaired in C.8, T.1 dermatomes. The flexor muscles 
of the forearm and the intrinsic muscles of the hand recovered completely within a few 
weeks of injury, leaving the patient with residual paralysis of the muscles innervated by the 
upper roots of the plexus. 

Lesions of C.7, C.8, T.1—In the whole series there were only two lesions of C.7, C.8, T.1 
roots. There was no recovery in the one patient who had a Horner’s syndrome; the other 
had a transient lesion of C.7 root, and a degenerative lesion of C.8, T.1 roots, which did not 
recover. 

TREATMENT 
Preventing joint stiffness—In neglected injuries of the brachial plexus, contracture of 
the joints often causes more disability than muscular paralysis. Oedema is proportionate to 
the severity of injury, and it is the main cause of joint stiffness; it must be prevented by 
elevating the limb, usually on an abduction splint. All joints should be put through a full 
range of movement several times a day. Fractures may prevent full movement of the shoulder 
joint, but on no account should movements of the wrist and digits be neglected. 
Preventing muscle wasting—Continuous stretching of the paralysed muscles is prevented 
by appropriate splinting. If opposing groups of muscles are paralysed, the mid-position of 
the joint is chosen. Daily galvanic stimulation will prevent excessive wasting of the paralysed 
muscles. During the phase of recovery it is essential to re-educate all muscles which are 
showing feeble voluntary contraction. Prolonged treatment may be necessary, and it is 
important to allow sufficient time for recovery before considering reconstructive operations. 
In degenerative lesions of the upper roots, the first sign of recovery may not be observed 
until at least t. ‘ve months after injury. 
Relief of pain—In some cases pain is very distressing. It may be relieved by elevating the 
limb so that the injured roots of the plexus are not under tension. As a rule, pain subsides 
slowly over a period of several months. Only two operations were performed in this series 
for persistent pain. One, a patient aged twenty-eight years, complained of severe pain three 
years after a traction injury of the whole plexus; cervical sympathectomy was performed 
without success. The other patient, aged fifty years, complained of severe pain four years 
after irreparable injury of the plexus. In this case the pain was relieved by amputation and 
exploration of the plexus. 
Operative treatment—There is still much difference of opinion as to the indications for 
operative treatment in traction lesions of the plexus. Jefferson (1930), advocated operation 
within ten days of the injury, or not at all. His purpose was to determine the extent of the 
lesion and he believed that primary suture might sometimes be feasible in rare cases where 
two clean nerve ends were discovered in an accessible position. Recently Davis, Martin, and 
Perret (1947) have stated ‘‘ that the best possible results following brachial plexus injuries 
may be obtained by operation as soon as the acute effects of injury to the soft parts have 
subsided,’”’ and the same authors even advocate exploration of old injuries of the plexus. 

We have to consider then: 1) whether early exploration of the plexus is indicated in 
order to assess the prospects of recovery, or on the off-chance that operative repair of the 
damaged nerves may be possible; 2) the indications, if any, for late exploration of neglected 
injuries. The decision presents no difficulty when lesions are confined to the upper three 
roots of the plexus, for recovery is usually so satisfactory that operative treatment need 
hardly be considered. 

Since only three lesions of the whole plexus were explored within three months of injury 
there was no direct evidence as to the value of early exploration in assessing the prospects 
of recovery in these cases. We have seen, however, that it is possible to give a fairly accurate 
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prognosis on clinical data alone, and it is unlikely that early exploration of the plexus could 
give more information, apart from the rare occasions when rupture of the roots is disclosed. 

It could be argued that the prognosis in lesions of the whole plexus is so bad that it is 
reasonable to attempt any form of repair of the damaged roots, no matter how unpromising 
it may seem. Lesions complicated by Horner’s syndrome are not now, and probably never 
will be, amenable to surgery, for the lesion of C.8, T.1 roots is so high as to make any type 
of repair impossible. Lesions without Horner’s syndrome are a little more promising. In 
these the upper roots sustain the brunt of injury, and one can with some confidence look 
forward to useful recovery in the muscles of the forearm and hand. If the upper trunk of 
the plexus is attenuated or swollen, there need be no hesitation in resecting the damaged part 
of the nerve. The main difficulty is that the lesion is not always accessible and that, even 
if it is, primary suture is impossible after adequate resection. The gap might be bridged by 
suitable autografts but the number of cases in which grafting is feasible will be few, and it 
has still to be proved that functional recovery after grafting is as satisfactory as the results 
of late reconstructive surgery. Seddon (1947) reported one incomplete recovery and two 
failures in three autogenous cable grafts for traction lesions of C.5, 6 roots. The failures 
were ascribed to inadequate resection. 

Late exploration of the plexus and freeing of nerves from scar tissue may occasionally 
be justified for the relief of pain which has not responded to conservative treatment. It 
cannot assist recovery because the chief barrier to regeneration is the endoneural scar. 

When the full extent of recovery is known the function of the limb can often be greatly 
improved by reconstructive surgery. Such operative measures should not be considered 
earlier than fifteen months from the date of the accident, because recovery in the proximal 
muscles of the limb has been observed more than one year after injury. 


SUMMARY 
1, Sixty-three traction injuries of the brachial plexus in adults are reviewed. Most of the 
patients were seen at regular intervals for more than three years after injury. 
2. The mechanism of injury is described. Forcible separation of the head and shoulder is 
the essential factor, but the type of lesion is determined by the position of the upper limb 
at the time of the accident. 
3. In traction injuries the main damage is intraneural, and the lesions are of considerable 
extent. Extraneural scarring is a conspicuous feature of old injuries, but it does not cause 
any damage to uninjured parts of the plexus. 
4. The prognosis of each type of lesion of the plexus is discussed. Satisfactory recovery 
occurs in most lesions of the upper three roots. Degenerative lesions of the whole plexus 
never recover completely. Cases with Horner’s syndrome always have severe residual 
paralysis. 
5. Conservative treatment is advocated for traction injuries of the plexus and evidence is 
cited against early or late operations on the plexus. Recenstructive surgical procedures 
are sometimes indicated. 
I am indebted to the staffs of the Peripheral Nerve Injury Centres at Killearn, Oxford, and Winwick for 
the detailed case records of the traction injuries of the brachial plexus which have formed the basis of this 


investigation, and especially to Mr A. R. Parkes, Mr H. J. Seddon, and Mr R. Roaf. The illustrations 
are the work of Mr G. Donald of the Department of Surgery, Glasgow University. 


REFERENCES 
Davis, L., MarTIN, J., and PERRET, G. (1947): Annals of Surgery, 125, 647. 
JEFFERSON, G. (1930): Proceedings of the Royal Society of Medicine. Section of Neurology, 23, 1282. 
SEDpDoN, H. J. (1943): Brain, 66, 237. 
SEDDON, H. J. (1947): British Journal of Surgery, 35, 151. 
STEVENS, J. H. (1934): Section on Brachial Plexus Paralysis in the Shoulder by Codman, E. A. Privately 
printed in Boston, Massachusetts. 


THE JOURNAL OF BONE AND JOINT SURGERY 


S 














OPEN WOUNDS OF THE BRACHIAL PLEXUS 
DonaL M. Brooks, Lonpon, ENGLAND 


From the Institute of Orthopaedics, Royal National Orthopaedic Hospital, London 
Formerly of the Peripheral Nerve Injuries Unit, Wingfield Morris Orthopaedic Hospital, Oxford 


Of the peripheral nerve injuries treated at the Wingfield-Morris Orthopaedic Hospital, 
Oxford, between 1940 and 1945, it was found that 52 per cent. of the first 1600 cases were 
due to penetrating wounds. The brachial plexus was damaged in forty-two of these 820 
cases, namely, 6 per cent.—a proportion which corresponds closely with that recorded after 
the first World War by Lehmann (1921) Oppenheim (1923) and Pollock (1926). Isolated 
high lesions of the median, radial, and ulnar nerves are excluded from this study. 

The conspicuous lack of information available in the literature may be due to 
difficulties of analysis, the intricacy of the plexus, anatomical variations, and the 
bizarre motor and sensory changes that may occur after injury. Pollock and Davis (1933), 
and other authors, concentrated on the problem of precise localisation of the lesion rather 
than on that of functional recovery of the limb. In any given case the damage is seldom 
uniform and a mixture of neurapraxia, axonotmesis, neurotmesis, and more or less undamaged 
nerve fibres, is common. 

In dealing with degenerative lesions of other peripheral nerves after penetrating wounds 
there is now little doubt as to the policy that should be adopted; exploration is the rule 
(Seddon 1948). Does this principle apply to exploration of the brachial plexus? Operations 
have been described by which the plexus may be exposed throughout its length (Platt 1924, 
Stiles and Forrester-Brown 1922), but in what proportion of cases is division of nerves likely to 
be found? Is repair at this level a practical procedure? Are the results of repair such as to 
justify it? If the proportion of divisions is small and, still more, if repair at this level is not 
worth while, is exploration useful only in prognosis? The object of this paper is to answer such 
questions in the light of experience gained at the Oxford centre during the second world war. 


METHODS OF ANALYSIS AND OF RECORDING THE RESULTS OF TREATMENT 


Forty-two cases in which the brachial plexus was damaged by penetrating wounds 
have been examined. In many of them paralysis was at first complete; but rapid recovery 
occurred in part of the plexus within a few weeks, leaving residual paralysis which was slow 
to disappear and from which recovery was often imperfect. All patients were treated by 
electrical stimulation of the paralysed muscles until voluntary control was restored or until 
it became evident that no recovery would occur (Jackson 1945). Observations were continued 
for at least two years after injury and in many cases for three or four years. 

In order to compare cases a specific method of grouping, and of grading recovery, has 
been adopted (Fig. 1): 

Group I —Lesions of the roots and trunk of C.5, 6. 

Group II —Lesions of the posterior cord. 

Group I1I—Lesions of C.8, T.1, and the medial cord. 
In many cases the lesion involves more than one group; and when injuries involve the whole 
plexus the grade of recovery is necessarily expressed as a threefold statement. 


Paralysis in Group I (deltoid, spinati, biceps, brachialis, brachio-radialis, and extensor 
carpi radialis longus) causes loss of abduction and external rotation movement at the 
shoulder joint, and loss of flexion movement at the elbow. Recovery is expressed in terms 
of ability to perform these movements, muscle power being graded in accord with the 
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system recommended by the Nerve Injuries Committee of the Medical Research Council. 
The power of abduction is represented thus: 


Paralysis . : : ; ; : : ; ; ; : : > A.0 
Flicker ; : : ; : : : : 2 A.1 
Movement with erawiey dintauee : ; : ; : ; : 3 A.2 
Movement against gravity . . : ; : ; : ‘ : ; A.3 
Movement against gravity and resistance ; : ‘ : : ; ; AA 
Full power . : : : : ; : : : . A.5 


The power of external rotation at the shoulder, and of oo at the elbow, are expressed 
similarly, the figures being prefixed by E and F respectively. Sensory recovery after lesions 
of C.5, 6 is relatively unimportant and will not be discussed. 


Paralysis in Group II (the posterior cord) gives rise, for the most part, to loss of power of 
the deltoid, teres major, latissimus dorsi, subscapularis, triceps, and the forearm extensors. 
Recovery is expressed thus: 


Triceps contracting against gravity : ; : : ; ‘ ‘ ‘ PA 
Extensors of the wrist contracting against gravity : ; : : z P.2 
Extensors of the fingers contracting against gravity . : } . : P.3 
Extensors of the thumb contracting against aiid : : ; ; ; P.4 
Full recovery. : : ; ; P.5 


Here again sensory ieittion, oe vatepoctent, is left out ie account. 


Paralysis in Group III (C.8, T.1, and medial cord)—Recovery is expressed in terms of the 
distribution of median and ulnar nerves. This method is anatomically inexact in so far as 
the proximal muscles supplied by the median nerve derive part of their innervation from the 
lateral cord. Nevertheless, no significant errors could be traced to this compromise, and any 
attempt to refine the analysis would have made a difficult task almost impossible. The 
grading is that adopted by the Medical Research Council: 


Sensory Recovery 


No recovery of sensibility in the autonomous zone of the nerve : : S.0 
Recovery of deep cutaneous pain sensibility in the autonomous zone of the nerve I 
Recovery of superficial pain sensibility ; ; . , ; = S.14 
Recovery of superficial pain and some touch se neibitity . : S.2 
Recovery of superficial pain and touch sensibility but with over-reaction and 
inability to localise the stimulus. : : : ; : : : S.2+ 


Recovery of pain and touch sensibility with disappearance of over-reaction or 


with the appearance of some ability to localise the stimulus. : . S.3 
Recovery to S.3 with good localisation & some recovery of two-point discrimination S.3+ 
Complete recovery : : : : : : : ; ; : 2 S.4 


Motor Recovery—Median nerve 


No contraction . : : : : ; : M.O 
Contraction in the a — bat not oupalen enti ; : : M.1 
Proximal muscles acting against gravity; no return of power in thenar ‘aie Bs M.1+ 
Proximal muscles acting against gravity and a flicker in the thenar muscles ‘ M.2 
Proximal and thenar muscles acting against resistance . - M.3 
All muscles acting against strong resistance with some whentn action : M.4 
Full recovery in all muscles ; ; ; : : : ‘ : : M.5 


Motor Recovery—Ulnar nerve 


No contraction . : x . : ; ; ; M.O 
Contraction in the suietiaia’ —s tat not alent gravity . . ; ; M.1 
Proximal muscles acting against gravity; no return of power in intrinsic muscles M.1+ 


Proximal muscles acting against gravity, some ie in the i alta and 
little or none in the interossei ; ; ' ; M.2 
Proximal and intrinsic muscles all acting, but the first po interosseous unable 


to act against resistance ‘ ; : ; , : , M.2+ 
Proximal muscles, hypothenars, & Ist anced interosseous acting against resistance M.3 
As in Grade 3 but with some independent lateral movement of fingers. ; M.4 
Full recovery in all muscles : ; : : ; , : 5‘ : M.5 
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Diagrams illustrating the three groups of nerve lesions, 


(Modified after C. Sheplev—Medical Research Council Memorandum on Peripheral Nerve Injuries, 1943.) 
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TABLE I 


ANALYSIS OF RECOVERY IN THIRTEEN CASES WITH LESIONS CONFINED TO THE 


Roots AND TRUNK OF C.5, 6 





Case 
No. 


B.113 


D.58 


D.63 


D.14 


H.95 


H.115 


L.62 


R.36 





Date 


of 


injury 


Aug. 


June 


\ug. 


July 


June 


Sept. 


Jan. 


Dec. 


\pr. 


June °4! 


Mar. 


Apr. 


Sept. 


43 


44 


44 


‘41 


44 


44 


44 


‘44 


43 


"42 


44 


44 


Time in months from date of injury 
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OPEN WOUNDS OF THE BRACHIAL PLEXUS 


Group I (a)—Lesions confined to the roots and trunk of C.5, 6 (Table I)—In thirteen 
patients the lesion was confined to the roots and trunk of C.5, 6. In only two was there 
complete motor and sensory paralysis; in eleven there was sparing, more or less, of either 
motor or sensory function. The good recovery which occurred is shown in Fig. 2. After 
two years, flexion of the elbow was possible against both gravity and resistance in all cases 
but one; abduction of the shoulder against gravity was also regained in all cases except this 
one; and external rotation of the shoulder against gravity was possible in all cases but two. 
Five operative explorations were made and in none was repair deemed necessary because 
the nerves were in continuity and it appeared that they were not damaged seriously. In two 
cases there was a history of wound infection which appeared to have no significant influence 
on the recovery. With one exception, the final result was good in all cases which showed 
evidence of motor recovery at nine months from the time of injury. 
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Fic. 2 
Histogram showing the progress of recovery in thirteen cases in which the lesion 
was limited to C.5 and 6. 


Group I (b)—The C.5, 6 component in extensive lesions of the plexus (Table [1)— 
Analysis of fifteen other cases with more extensive lesions of the plexus showed again that 
recovery was remarkably good (Fig. 3). Six of these had, at first, complete motor and sensory 
loss. The others, as in Group I (a), showed some sparing in either motor or sensory function. 


Nine explorations were made and in only two instances was there division of nerves. 
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= Movements performed against gravity and resistance 
Fic. 3 
Histogram showing the progress of recovery in the C.5, 6 component in fifteen cases of more 
extensive lesions of the brachial plexus. 


Group II—Lesions of the posterior cord (Table III)—There were twenty-one patients 
with injury of the posterior cord of the plexus, but only in one was there no other damage. 
This man was first seen two years after injury and he was kept under observation for one 
year more, by which time there was recovery only in the triceps. In twenty patients the injury 
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TABLE II 


ANALYSIS OF RECOVERY OF THE C.5, 6 COMPONENT IN FIFTEEN CASES OF 
EXTENSIVE LESIONS OF THE PLEXUS 
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OPEN WOUNDS OF THE BRACHIAL PLEXUS 





also involved the medial cord, or the whole of the remainder of the plexus, in roughly equal 
proportions. The behaviour of the posterior cord was much the same in all, and no separate 
analysis is necessary. Over half of these twenty cases reached Grade 4 within two years of 
the date of injury; that is to say there was ability to extend the thumb against gravity. 
Almost three-quarters of them reached Grade 3 (Fig. 4). Where there was no evidence of 
recovery in the triceps within nine months of injury the prognosis was usually poor; and it 
was always so if there was no recovery within a year. Patients who were kept under 


observation for more than two years showed no significant change. 
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TIME IN MONTHS 
Fic. 4 
Histogram showing the progress of recovery in twenty-one cases 
of injuries of the posterior cord. 
Group III—Lesions of C.8, T.1, and medial cord (Table IV)—Twenty-five cases are 
considered in this group. This number included eleven in which the whole plexus was involved : 
five in which the lesion was confined to the medial cord, six in which the posterior and medial 
cords were affected, and three in which the upper trunk and medial cord were damaged. 
The progress of recovery in these subdivisions showed no significant differences. When 
there was complete motor paralysis at six months in either the median or ulnar nerve 
distributions (axonotmesis or neurotmesis of the relevant segment), and no evidence of 
motor recovery in the proximal muscles by one year, the outlook was very poor. The best 
recovery after axonotmesis was seen in case K.5: after two years, recovery was M.4, S.3, in the 
median nerve distribution. This case is of special interest: median paralysis occurred after 
the development of a traumatic aneurism of the axillary artery; when the plexus was explored 
four months after injury no macroscopic lesion of the medial cord or of its branches could 
be detected; in other words, the lesion must have been a pure axonotmesis due to compression 
by the aneurism. This case was the only one in which material recovery took place in the 
distal muscles after a complete degenerative lesion, presumably because none of the fibres 
had suffered such permanent damage as almost always occurs after penetrating wounds. In 
those cases in which it was possible to continue observations for a longer period there was 
no significant improvement in motor function between the second and third years, but in 
some the quality of sensibility continued to improve up to four years from the time of injury. 
Sensory sparing does not carry with it a guarantee of adequate motor recovery, a finding 
that was emphasized by Pollock (1926) and which has been confirmed repeatedly in this series. 
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TABLE III 


ANALYSIS OF RECOVERY IN TWENTY-ONE CASES OF LESIONS OF THE POSTERIOR CORD 
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EXPLORATION OF THE PLEXUS 


In twenty-two patients operative exploration of the plexus was undertaken because 
there was: a severe lesion involving the whole plexus; a complete lesion of a localised part 
of the plexus such as the upper trunk; or persistent pain in the limb (Table V). In no case 
was it considered justifiable to resect a lesion in continuity; and in only four was a nerve 
found to be divided, repair being possible in three. There was an average delay of six months 
between the time of injury and operation, the earliest exploration being at one month, and 
the latest at thirteen months. At the time of exploration incidental “‘ neurolysis ’’ was of 
‘ourse inevitable but there was no substantial evidence that recovery was influenced by 
such neurolysis, though in one case it did relieve persistent pain in the limb. In general, 
scarring was severe and it was not always possible, or at any rate safe, to expose the entire 
plexus. For this reason, nerve trunks which were actually seen are specified in the 
iccompanying table. The most severe scarring was seen in two cases in which there were 
aneurisms of the axillary artery, and both made good recoveries. 
rypes of lesion—Exploration of the nerves showed: 1) no obvious change; 2) 
ippearance’”’ of the nerve—a grey-pink translucent appearance which is characteristic and 
may be due to the disappearance of myelin (when no neuroma was found this appearance 
was presumed to indicate axonotmesis); 3) nerve enveloped in scar tissue, with or without 
evidence of constriction; 4) neuroma—(a) fusiform, hard or soft; (6) lateral; 5) interruption 
of continuity. Intraneural scarring was never found by itself; in every case it was seen in 
association with a neuroma. 

Correlation of operative findings with recovery observed after two years from the 
time of injury—1!) No obvious damage—On eight occasions the part of the plexus exposed 
showed no evidence of abnormality; yet in only half these cases was recovery good. In one 
instance, however, it is likely that the lesion was distal to the field of exploration. 

2) Degenerative appearance of the nerve—In four cases part of the plexus showed degenerative 
changes, and in two there was proximal thickening of the nerve without neuroma formation. 
These were presumed to be examples of axonotmesis, and the favourable prognosis which 
was given was justified subsequently in so far as re-innervation of the proximal muscles was 
concerned. Nevertheless recovery in the distal muscles was consistently poor and it was 
never of functional significance. 

3) Enveloping scar—Where extensive scarring surrounded part of the plexus, and there was 
no other evidence of injury, recovery was good except in one case where a vascular lesion 


‘ degenerative 


caused ischaemic damage of nerves and muscles. 

4) Neuromata—a) Fusiform neuroma—On two occasions a fusiform neuroma was seen and 
there was good recovery in the affected segment of the plexus. In two cases where a hard 
neuroma was found, one on the posterior cord and the other on the root of C.7, recovery was 
very poor. In one case there were three soft neuromata, on the posterior and lateral cords 
and on the lateral root of median, and fair recovery took place in each segment. 06) Lateral 
neuroma—tIn four cases a lateral neuroma was discovered. In two, recovery was poor; on 
the other hand recovery was good in one case in which the neuroma appeared to involve 
two-thirds of the nerve. 

5) Neurotmesis—In only four cases was there interruption of continuity. Repair was possible 
in three. In one, the upper trunk was divided; suture was performed and, after two years, 
recovery of flexion at the elbow against gravity and resistance was possible but abduction 
ind external rotation of the shoulder were weak. In the second case, branches of the upper 
trunk were found to be divided. After resection of proximal and distal stumps it was 
impossible to restore continuity by direct suture, and three grafts were taken from the medial 
cutaneous nerve of the forearm as it traversed the upper arm; no certain evidence of 
regeneration through the grafts was found three years after operation. In the third case, the 
inner and outer heads of the median nerve were divided. After resection, the gap measured 
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six centimetres and suture was possible only after mobilisation of the median nerve as far 
distally as the cubital fossa, with sacrifice of the branches to pronator teres; recovery in the 
median area at three years was M.1, $.2+. In the last case, the lateral cord was divided 
together with the medial head of median nerve. In searching for the peripheral stump of the 
median nerve it proved necessary to extend the dissection fifteen centimetres below the 
coracoid process. There was no obvious explanation for this wide gap unless possibly the 
nerve trunk had been removed inadvertently at the time of the original wound excision 
(though it is to be noted that Scaglietti (1942) suggests that excessive retraction of the distal 
stump may occur in consequence of the weight of the limb when part of the plexus is divided). 


DISCUSSION 

The most striking feature of these explorations has been the comparatively few occasions 
on which there has been division of nerve tissue—no more than four instances in a series of 
twenty-two operations. This is in sharp contrast with the degenerative nerve lesions which 
occur more distally in open wounds, where experience has shown that one in every two cases 
is associated with nerve division (Seddon 1948). 

Closure of the gap after resection is not easy. In only one case, with injury of the upper 
trunk, was such closure possible without extensive mobilisation of the distal stump. In a 
second case a nerve graft was used; and in a third, mobilisation of the median nerve as far 
as the elbow joint was necessary. In all three of these cases the degree of recovery was 
discouraging. 

As in other nerve injuries at a high level—for example, proximal injuries of the sciatic 
nerve—if there is to be good functional recovery, early repair is imperative. Ferron (1919), 
reporting operative findings in two early explorations of the plexus, remarked “ que les 
symptomes paralytiques ne sont pas toujours en rapport avec lés lesions macroscopiques 
constatées lors de l’opération.’’ This compares unfavourably with the relatively accurate 
correlation between operative findings and prognosis in other nerves (Seddon 19438, 1948), 
and our experience of early and late explorations is much the same. In every case the plexus 
was stimulated electrically and, if this showed conduction in part of the nerve, no more was 
done. Unfortunately such stimulation gives little information as to the exact pathology of 
a nerve lesion, and in early explorations negative findings are valueless. Thus axonotmesis, 
and severe intraneural scarring amounting to neurotmesis, cannot be distinguished. Trial 
section, a valuable aid in more distal lesions, is technically difficult on account of lack of 
mobility of the plexus and the consequent difficulty in inspecting a small transected area. 
Moreover, there is reason to believe that naked-eye appearances of nerve sections at this 
level are less reliable than elsewhere. Ancillary methods, which are usually so valuable in 
deciding for or against resection of a neuroma, are therefore of little application in this region 
where they are most needed. 

From these exacting and time-consuming operations the dismal conclusion must be 
reached that a reliable prognosis cannot be given except in those few cases where a nerve 
trunk is found to be divided, or where there is a hard neuroma—an indication that the greater 
part of the nerve is blocked permanently. In axonotmesis, the conditions for recovery are 
the best possible: the stroma of nerve is preserved to a large extent; and the outgrowing 
axons remain in their appropriate Schwann tubes. Recovery then depends only on the distance 
between the lesion and the periphery: it is no more than a matter of time. In the upper 
trunk, and in the posterior cord, the distance from the site of damage to the denervated 
muscles is relatively short; but in the medial cord the distance to the muscles of the hand 
is much greater. Is delay, even in axonotmesis, an adverse factor? Apparently it is, for 
recovery in Groups I and II was consistently better than in Group III. 

The harmful influence of delay on the recovery of motor function is due to shrinkage of 
the empty Schwann tubes, atrophy of muscle fibres, interstitial fibrosis, and disappearance 
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of motor end-plates (Holmes and Young 1942, Gutmann and Young 1944, Bowden and 
Gutmann 1944). It is possible, though not clearly established, that the effect on sensory 
regeneration may be similar. It was shown, however, by Simpson and Young (1945) that the 
small size of Schwann tubes at the periphery may be less significant than was at first 
| believed, and it has been assumed increasingly that muscle atrophy was the more important 


factor. Gutmann and Guttmann (1942) proved that, in the rabbit, regular intensive galvanic 
stimulation could be relied upon to a remarkable degree in preventing atrophy of denervated 
| muscle and maintaining its normal state as determined histologically. That such treatment 


is valuable in clinical practice, particularly in the small muscles of the hand, has also been 
demonstrated by Jackson (1945). Useful return of power in the intrinsic muscles of the hand 
might therefore be expected in proximal nerve lesions in which there was prospect of 


spontaneous recovery, and in which fair recovery did in fact take place in the proximal 
muscles, provided only that wasting was prevented by regular and adequate galvanic 
stimulation. The fact is, however, that although such treatment is consistently effective in 
; lesions of the ulnar nerve, recovery of function in the small muscles of the hand after injuries 


of the brachial plexus did not occur except in one case where the vate of regeneration was 


i exceptionally rapid. We must conclude that shrinkage of Schwann tubes is significant after 
L all, or that the beneficial effects of galvanic stimulation are of limited duration. 
; 


Results of exploration in C.5, 6 lesions (Groups Ia, Ib)—Good recovery occurred regularly 
in both divisions of this group. In over half the cases, recovery in the biceps preceded that in 
the deltoid and the external rotators of the shoulder, and on several occasions some action 
in the biceps was maintained where motor paralysis was otherwise complete. Moreover, 
when motor power became stationary, flexion of the elbow was often the most powerful 





/ movement of the three. This suggests that innervation of the biceps may not always be 
: limited to C.5 and 6—a possibility which gains further support from certain observations: 
‘ 1) On exploration of an extensive lesion of the plexus, with sparing of the deltoid and spinati, 
‘ the upper trunk was found to be intact, but the root of C.7 was damaged to the extent of 
. one-third of its diameter; the biceps only was paralysed. 2) In another case the upper trunk 
: was found to be divided but an apparently intact branch from C.7 joined the distal stump : 
‘ the upper trunk was repaired; recovery in the biceps preceded that in the deltoid and spinati ; 
: and, three years after injury, flexion of the elbow was possible against gravity and resistance 
: whereas there was only slight power in the deltoid and no recovery in the external rotators. 
é' 3) A third case, operated on elsewhere for a surgical condition in the neck, suffered accidental 
division of the upper trunk which was sutured immediately; action in the biceps against 
‘ gravity was never lost. Thus recovery of the biceps after lesions involving the upper trunk 
. may not necessarily indicate axonal regeneration in the C.5 and 6 component, and may 
. account in some measure for the comparatively favourable reputation which suture of the 
upper trunk has enjoyed. Similarly, the good recovery that usually occurs in lesions 
“ in continuity of C.5, 6 does not necessarily prove that a conservative attitude is wholly 
: justified. 
: Results in posterior cord lesions (Group I1)—On the whole, recovery in this group was 
e good. As in Group I, there are, relatively speaking, no distal muscles to be re-innervated 
fl and the length of axonal regeneration is not unduly great. 
T Results in lesions of C.8, T.1, and the medial cord (Group III)—In cases showing 
d complete degenerative lesions, functional recovery was disappointing. The distal muscles 
d never regained useful action; occasionally a flicker of contraction or evidence of electro- 
Tr myographic activity showed that some axonal regeneration had taken place, but unfortunately 
not before secondary changes in the muscles or nerves had prejudiced recovery. Even in the 
rf presence of reasonably powerful proximal muscles, use of the hand was severely limited, and 
e impaired sensibility was a serious disadvantage. In spite of treatment continued for more 
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32 D. M. BROOKS 


than two years many patients adopted a one-armed way of life so that, even with good 
proximal recovery in the injured limb, little use was made of it. Close questioning of the 
twenty-five patients in this group revealed that eighteen did not use the limb at all for finer 
work such as writing, using a knife and fork, doing up buttons, or opening doors; and one 
patient summarised his use of the limb as “‘ an emergency paper-weight.”” Of the other seven 
cases, four found that the limb was useful in everyday life, and three were equivocal. 


Paralysis with injury to a main vessel—lIn eleven cases, a main artery or vein was 
found to be damaged either at the time of primary wound excision or at subsequent 
exploration. The vessels involved were: subclavian artery, 1; axillary artery, 5; brachial 
artery, 1; subclavian vein, 2; axillary vein, 2. In four, the arterial lesion was revealed by 
the appearance of an aneurism some time after the original wound had healed. In three, the 
artery was ligated at the time of primary wound excision. With one exception, venous 
damage was noted at the time of wounding. In one, ligation of the third part of the axillary 
vein and artery was performed at the primary operation. 

The most striking complication which was common to all these cases was joint stiffness, 
particularly in the hand. In only one case was there evidence of ischaemic damage to muscle 
or nerve (F.15, Table IV). At the time of primary wound excision the axillary artery and 
vein were seen and found to be undamaged; the radial pulse was normal. Twenty-four hours 
later, arterial spasm developed with disappearance of the radial pulse. Injection of novocain 
into the stellate ganglion gave rise to some improvement in the peripheral circulation but 
was soon followed by gangrene of the terminal phalanges of the index, middle, and fifth fingers. 
The plexus was explored five months after injury and no lesion was found, apart from 
scarring round the nerves. Recovery was poor, and five years after injury the fourth and 
fifth digits were amputated through the metacarpo-phalangeal joints. At operation the 
digital vessels were found to be patent and of normal appearance, but the nerves were thin 
and translucent. 


Horner’s syndrome—Five cases showed a typical Horner’s syndrome either immediately 
after injury or some weeks later. Two, which were associated with an aneurism, did not develop 
the syndrome until some time after injury and in neither case did treatment of the aneurism 
cause disappearance of the well-known signs. The third and fourth cases were of interest. 
In both, the damage involved mainly the upper trunk and there was little disturbance of the 
rest of the plexus. One was due to a close range blow-back from a field gun; Horner’s syndrome 
persisted for some weeks, but when examined six months later it had disappeared and tests 
showed almost normal sweating throughout the limb and face. In the other, even three 
months after injury, there was complete anhydrosis of the left upper limb and half the face, 
but with little sensory disturbance. In the fifth case, it was found at operation that there 
was fracture of the first and second ribs with perforation of the dome of the pleura and lung. 
The neurological findings were those of a complete lesion of the entire plexus. 

The two examples of Horner’s syndrome with aneurism were notable in so far as sweating 
loss was by no means complete in the upper limb; and although pressure effects of the aneurism 
were removed the signs did not disappear, thus not conforming to the peculiar regenerative 
properties often attributed to the sympathetic nervous system. In the next two cases it is 
difficult to imagine how a missile which must have passed very wide of the stellate ganglion 
could have produced such a syndrome, except by the concussive effect demonstrated experi 
mentally in high velocity missile wounds by Davis et al. (1947). Such explanation is supportec 
by rapid disappearance of the syndrome in one of them. In the final case, it seems probabk 
that fractures of the first and second ribs caused secondary injury of the stellate ganglion 
Clinical observations in these patients suggest that the appearance of Horner’s syndrom: 
after novocaine block of the stellate ganglion does not necessarily prove that all sympatheti 
fibres to the limb have been physiologically interrupted. 
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OPEN WOUNDS OF THE BRACHIAL PLEXUS 33 


SUMMARY 


1. In the first 1600 of the series of peripheral nerve injuries treated during the years 
1940-45 at the Peripheral Nerve Injuries Unit, Oxford, 52 per cent. were due to penetrating 
wounds, and 6 per cent. of these involved the brachial plexus. 

2. A specific method of grouping and grading recovery is described: Group I—lesions of the 
roots and trunk of C.5, 6; Group II—lesions of the posterior cord; Group III—lesions of 
C.8, T.1, and the medial cord. 

3. The recovery of cases in Group I was good, in Group II fair, and in Group III poor. 
4. The brachial plexus was explored on twenty-two occasions. Only in four instances was 
there interruption of continuity—which is in striking contrast with the frequency in more 
distal degenerative nerve lesions in open wounds. 

5. There is no evidence to suggest that neurolysis influenced motor or sensory recovery, 
but on one occasion it relieved persistent pain in the limb. In general the correlation between 
operative findings and prognosis was not precise. 

6. With one exception, no recovery of consequence took place in the small muscles of the 
hand after a lesion in continuity, although galvanic stimulation to all paralysed muscles had 
been given regularly. 

7. There is evidence to suggest that innervation of the biceps may not always be limited to 
C.5 and 6 and that in a proportion of cases C.7 may make a substantial contribution. 

8. In five cases (12 per cent.) Horner’s syndrome was present; the causation is discussed. 

9. In every case of damage to a main vessel there was a marked tendency to joint stiffness, 
particularly in the hand, but on one occasion only was there evidence of ischaemic changes 
in the muscles and nerves. 

10. The good spontaneous recovery which occurred in Groups I and II; the poor recovery 
in Group III even in cases where there was an apparently favourable lesion in continuity; 
the rarity with which division of nerves was found at operation; and the discouraging results 
f repair in three cases; make it necessary to conclude that routine exploration of open 
wounds of the brachial plexus is neither profitable nor justifiable. 


I am most grateful to Mr H. J. Seddon for constant encouragement and invaluable advice. 
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AN OPERATIVE APPROACH TO SUPRACLAVICULAR 
PLEXUS INJURIES 


JAMES E. BATEMAN, TORONTO, CANADA 
From the Division of Orthopaedic Surgery, Christie Street Hospital, Toronto 


Injuries to the brachial plexus above the clavicle are not infrequent either in civilian 
or military practice. They are serious problems because of the site and extent of damage, 
and the residual disability which may remain. The slow process of regeneration after 
nerve injury at this high level makes preservation of the muscle end-plate mechanism 
difficult; it favours muscle atrophy and digital contractures. Such harmful sequelae of 
denervation can be greatly limited by adequate pysiotherapy and electrotherapy, but if one 
is to embark on the long programme of conscientious treatment that is essential for useful 
recovery, the possibilities of axon regeneration should be established early. If this cannot 
be settled by clinical and electromyographic studies it is better to explore early, rather than 
wait eighteen or twenty-four months for clinical verification of complete neurotmesis. 
There has been more reluctance to explore these injuries than in the case of nerve injuries 
in the extremities; the deterrents have been the possibility of damage to adjacent vital 
structures, and also the possibility of vascular and other complications. In exploring twenty- 
one, of one hundred and five of these injuries, the author has used a slightly different approach 
which has proved helpful. 


OPERATIVE APPROACH 

The classical supine position on the operating table has been altered to a sitting posture 
(Fig. 1). With the head rotated away from the injured side, the point of the shoulder drops 
and remains dependent in this position, thus increasing the length of nerve trunks which 
can be explored above the clavicle. The operating field is lifted so that it is directly in front 
of the surgeon; and it remains comfortably accessible during the long and sometimes tedious 
dissection. An almost vertical incision is used, extending from the mid-point of the lateral 
border of the sternomastoid to the middle third of the clavicle. It may terminate at the 
inner third to reach the lower roots, or veer towards the outer third when exploration of 
fifth and sixth roots is most important. The external jugular vein is ligated and the sterno- 
mastoid muscle retracted. The omohyoid is exposed and divided. The suprascapular and 
transverse cervical vessels are ligated. The brachial plexus is then obvious, streaming out 
between the scalenes. The dependent position of the shoulder places the structures of the 
posterior triangle on a gentle stretch, facilitating dissection and identification in layers. 
Through the vertical incision, access to the front and back of the roots is afforded (Fig. 2). 
Once the upper root is identified, the structures may be “ wiped” forwards and medially, 
allowing dissection from the posterior aspect. This is often helpful, because scar tissue 
may not have penetrated to this layer and the roots may thus be identified more easily. 

After identification of the upper roots and trunks, from the side as it were, dissection 
is continued along the anterior and posterior aspects, tracing the roots distally into the 
interval between the two scalenes (Fig. 3). The scalenus anterior may then be retracted 
medially and the other roots identified in serial fashion. Once the correct plane of the trunks 
has been obtained, dissection towards the medial side is greatly facilitated even in densely 
scarred areas. The plexus may be followed distally, and freed well under the clavicle. The 
dependent position of the shoulder tends to pull the clavicle out of the way and it allows 
the trunks to be explored well beneath the clavicle. At the same time, the trunks remain 
closer to the surface instead of dropping posteriorly as is the case when the horizontal position 
is used, in which position, incidentally, a sand bag behind the scapula tends to push the whole 
girdle forwards and obstruct the base of the posterior triangle. 
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A semi-sitting posture is 
used, allowingtheshoulder 
to ‘‘drop.”’ 
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Dissection for exposure of the roots begins from 
the lateral side in the region of the dotted] line 
lateral to the upper trunks. 





Fic. 3 


The trunks are dissected from anterior and posterior aspects and exposed 
from above downwards. 
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36 J. E. BATEMAN 


When further exposure is necessary, the incision described is extended in a “ Z”’ fashion 
with the transverse part along the middle third of the clavicle and the distal part extending 
from the lateral third of the clavicle. The clavicle is divided just lateral to the mid-point 
and retracted by steel wires placed through drill-holes which are inserted before the bone is 


divided. These wires serve as retractors and as a quick method of fixation and closure. 


TABLE I 
SUPRACLAVICULAR PLEXUS INJURIES 


Operations 














No Upper Middle Lower Recoveries | 

Beis trunk trunk trunk Complete Partial 
G.S.W. ; ‘ : 8 2 2 4 0 8 
Traction lesions ; 13 8 oa 3 5 8 
Total . : ‘ : 21 10 4 7 5 16 
Percentage . : : 48%, 19°, 33% 24% 76% | 

| 
Number of injuries : ‘ : 105 
Number of operations . ; ; 21 


Incidence of involvement of the various trunks and the results are shown. 


SUMMARY 

The use of the upright position of the patient, and a vertical incision for exposure of the 
brachial plexus, has been attended by no complications or serious hazards. The aid of skilled 
anaesthetists is acknowledged. The structures are visible and accessible ; the operative 
field is steady ; bleeding is controlled easily ; and dissection is facilitated. By this technique 
it has been possible to explore a larger field from above, and division of the clavicle has seldom 
been necessary. Finally, and of importance, the operative area at shoulder level enables 
the surgeon to continue tedious dissection for some hours comfortably, and to escape post- 
operative postural complications in his own back. 


THE JOURNAL OF BONE AND JOINT SURGERY 








he 
ed 
ve 
ue 
ym. 
les 
st- 


ERY 








CERVICAL PLEXUS INJURIES 


As an Extension of Brachial Plexus Injuries 


A. SUTCLIFFE KERR, LIVERPOOL, ENGLAND 
From the Neurosurgical Service of the Liverpool Regional Hospital Board 


The purpose of this communication is to describe a little-known complication of traction 
injuries of the brachial plexus. Seven cases of traction lesions of the brachial plexus were 
admitted to a Peripheral Nerve Injury Centre in 1940 and 1941. Two of these, on careful 
sensory testing, revealed that there was complete anaesthesia of the area supplied by 
cutaneous branches of the ipsilateral cervical plexus. 


Case 1. C. T., aged 26 years—Admitted November 29, 1940—History—On October 5, 1940, the patient 
was knocked off a cycle by a motor-car. He could not remember any details of the accident and had no 
information regarding the manner in which he struck the ground. He remained unconscious for twelve 
hours from the time of injury. The only wounds were abrasions of the face. There were fractures of the 
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Case 1. Area of sensory loss (light touch and pin-prick) which corresponded exactly 
with the area of anhidrosis disclosed by the sweat test (Guttman technique). 


three inner metacarpals and of the clavicle at its outer third. The fractured clavicle was treated by 
bandaging the shoulder back, the hand being placed in plaster-of-Paris. A brachial plexus lesion was 
diagnosed early in November and the arm was placed in an abduction plaster on November 17, 1940. 
When admitted to the Nerve Injury Centre the subjective complaints were of an area of numbness above 
the shoulder and inability to abduct the arm at the shoulder. 

On examination—Right upper limb—wasting of deltoid, spinati, and to a very slight extent of other 
muscles of the arm. Nutrition of limb normal. Skin a little drier than the opposite side. Sensory 
examination—Loss to light touch and almost equally extensive analgesia over an area extending from the 
angle of the jaw and the mastoid process, down the side of the neck and upper arm, to below the level 
of the deltoid, and including the upper part of the thorax (Figs. | and 2). No loss of vibration or joint sense. 
The area of anhydrosis corresponded exactly with the sensory loss. Motor examination—Complete paralysis 
of the deltoid and spinati; all other muscles retained full power. No Horner’s syndrome. <A diagnosis of 
traction injury of the upper cord of the brachial plexus was made; the loss of sensibility in the cervical 
area was noted as a peculiarity, since it had not been observed by us before. The patient was placed in 
an abduction plaster. 

Subsequent progress— January 25, 1941, slight shrinkage of the area of sensory loss posteriorly. February 
15, 1941, light stroking in the supraclavicular fossa caused a sensation of tingling in the neck. A week 
later a few fibres of deltoid showed a flicker of contraction but on March 25, 1941, this had disappeared 
again. On the same date two small areas of skin above the clavicle had recovered appreciation of pin-prick 
and sweating reappeared in this region. May 23, 1941, evidence of some recovery of power in the spinati. 
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June 13, 1941, deltoid recovering; diaphragm observed by radioscopy and found to be paralysed on the 
right side. June 27, 1941, no objective sensory loss in the cervical region but the patient stated that he 
experienced a peculiar tingling sensation when shaving this side of the neck and that there was a qualitative 
difference in appreciation of both light touch and pin-prick; pain sensibility still lost over the deltoid 
muscle. October 1941, deltoid and spinati contracting strongly, though still weaker than normal; area 
of sensory loss unchanged. When the patient was last examined in May 1942, the deltoid and spinati 
showed normal power. There was still paraesthesia in the cervical area and loss of sensibility over the deltoid. 


Case 2. E. H., aged 23 years—Admitted April 3, 1941—History—On March 12, 1941, patient was 
involved in a motor cycle accident and had no recollection of what happened. When he recovered 
consciousness he was numb over an area extending from the right side of face and scalp down to his fingers. 
About one week later the arm was put in an aeroplane splint. Radiography (including the cervical spine) 
revealed no bone injury. 

On examination—A diagnosis was made of plexus injury involving the second to seventh cervical nerves; 
paralysis of muscles supplied by fifth, sixth, and seventh cervical segments and paresis of muscles supplied 
by second, third, and fourth cervical segments; a large area of sensory loss over the lateral side of the 
arm, the deltoid, and the lateral side of head and neck to just behind the ear (Figs. 3 and 4). No Horner’s 
syndrome. April 5, 1941, an abduction plaster applied. 

Subsequent progress—April 9, 1941, tingling sensation in the palm and all fingers if the position of the 
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Case 2. Area of anaesthesia (loss of appreciation to light touch). 


arm was changed. At times he complained of a shooting sensation which began in the middle of the arm 
and radiated down to the fingers. There was also pain like an electric shock which started approximately 
half-way down the anterior border of sterno-mastoid and radiated to the finger tips. April 14, 1941, 
patient noticed that if he moved his forearm from the plaster he was able to flex his wrist and also slightly 
to extend it. He had some power in his fingers although he could not straighten them. The hand was 
usually cold, but occasionally sweating occurred and appeared to be more profuse than on the other side. 
Objectively, there was involuntary twitching of the thumb and of the muscles of the right side of neck. 
Complete paralysis of spinati, deltoid, pectoralis major, biceps, brachialis, triceps, and extensors of the 
wrist and fingers. Other muscles of the forearm and hand were weak but soon recovered almost full 
power. May 23, 1941, no significant change, except that the extensor carpi ulnaris was contracting. 
Screening of the diaphragm showed paralysis of the right half, which was still present as late as September 3, 
1942. October 1941, the patient complained of a peculiar “‘ tightening and quivering feeling’ in the neck 
and side of the face when shaving or having his hair cut. He felt as though he needed to draw his face 
away from the razor. Objectively the area of sensory loss had receded but still included the whole supra- 
clavicular fossa although the sweat test showed that anhydrosis was present only over the arm and 
shoulder. Motor and sensory recovery occurred gradually and he was observed at intervals until March 15, 
1943. At a final examination, January 27, 1947, Mr R. Roaf was unable to demonstrate any area of 
complete sensory loss though there was still some impairment of sensibility over the deltoid. On that date 
the anterior fibres of the deltoid, the sternal head of pectoralis major, the triceps, and the ulnar intrinsic 
muscles were still paralysed. The other muscles of the limb showed more or less weakness and none was 
normal. The patient could use the arm only for holding light objects and for writing a little. 
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CERVICAL PLEXUS INJURIES 39 


Three or four other cases were observed in which the area of sensory loss extended to 
the supra-acromial area but they have not been included because of the known variability 
of distribution of the fourth and fifth cervical dermatomes and because of the inclusion of 
part of the fourth cervical root within the definition of the term “ brachial plexus.” It will 
be noted that the type of injury sustained by both patients described above is a common 
one and it is surprising that comparable cases do not appear to have been described. 

A number of cases of the Kofferath syndrome have been recorded (Gournay 1936, 
Sobolevitsch 1936, Granet 1937, Melamed 1938), in which birth injury to the brachial plexus 
was associated with paralysis of the diaphragm—but no assessment of the area of sensory 
loss was possible. In the German literature (Curschmann 1928, Schnek 1928) the use of the 
term ‘‘ cervical plexus ’’ appears to be synonymous with “ brachial plexus.”’ 

Anatomically one would expect that forcible separation of the head and neck from the 
shoulder would be attended by stretching of all nerves running obliquely downwards 
from the cervical spine and that the cervical plexus would suffer before the upper cord of 
the brachial plexus. Yet I have never seen supraclavicular anaesthesia in several hundred 


patients with head injuries. 

Local contusion of the sensory nerves, as they emerge from the deep cervical fascia 
along the posterior border of the sterno-mastoid muscle, might be advanced as a possible 
explanation, but there was no record of bruising of the neck in either of the two cases. There 
can be little doubt that they are examples of traction injury of the cervical plexus in 
association with a traction lesion of the brachial plexus. 

It is significant that both patients recovered sensibility in the affected area, after passing 
through a stage of abnormal sensation, and that recovery also occurred in both sensory and 
motor fibres of the brachial plexus. The occurrence of sensory loss in the upper cervical 
dermatomes cannot, therefore, be regarded as a sign of overwhelming damage to the brachial 
plexus. 

SUMMARY 

Two cases are described in which a traction lesion of the brachial plexus was complicated 
by sensory loss and anhidrosis in the second, third, and fourth cervical dermatomes. Both 
patients recovered spontaneously, though in one the recovery of muscle power in the limb 
was incomplete. It is believed that both were examples of a traction lesion of the cervical 
plexus. No similar case appears to have been recorded. 


Both patients were treated in collaboration with Messrs R. Barnes, J. Doupe, and C. H. Cullen, and I am 
indebted to Mr R. Roaf for ‘‘ follow-up ’’ notes on one of them. Professor G. Jefferson encouraged me 
to believe that the observations were worthy of record and I first reported them to the Society of British 
Neurological Surgeons in July 1941. 
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LATE SPINAL PARALYSIS AFTER AVULSION OF THE 
BRACHIAL PLEXUS 


WILDER PENFIELD, MONTREAL, CANADA 


From the Department of Neurology and Neurosurgery, McGill University 
and the Montreal Neurological Institute 


Scars of the brain and of peripheral nerves are familiar conditions in medical practice, 
but involvement of the spinal cord in a scar, without initial cord injury, is unusual. In the 
case to be described there was avulsion of the brachial plexus on one side without apparent 
cord injury. Many years later it was found that the scar, in which cervical nerve roots were 
involved, had exerted an extraordinary influence upon the spinal cord. It is believed that 
the complication which occurred in this case may well be of unsuspected importance in other 
examples of brachial plexus injury. 

A man, aged sixty years, who had lost his right arm in childhood at the level of the 
shoulder joint, was admitted to the Royal Victoria Hospital, Montreal, in 1931. During the 
preceding nine years he had suffered increasing weakness of both lower limbs until he walked 
only with the greatest difficulty. 

His story was that, at the age of fourteen years, he was spending his summer holidays 
working in a mill, a common custom among the thrifty families of Nova Scotia. By accident 
his upper limb was caught in a high-speed belt and was completely avulsed from the shoulder. 
He recovered, and there was no record of paralysis of any other part of the body at that 
time. He finished school, graduated from his University, and in due time was admitted to 
the Bar. He practised law actively until the age of fifty-one years. During the next nine 
years there was increasing weakness of the lower limbs, necessitating admission to hospital. 

Examination showed weakness and spasticity of both lower extremities, more marked 
on the right. There was complete loss of pain and temperature sensation on the left side of 
the body up to the second thoracic segment, and incomplete loss of sensation on the right 
side up to about the same area. He had enophthalmos and ptosis (Horner’s syndrome) due 
to sympathetic involvement on the right side, the side on which the upper limb was missing, 
and there was absence of sweating of the face on that side. Lumbar puncture showed that 
there was no block to the passage of spinal fluid. 

Operation was decided upon and lower cervical laminectomy was carried out. It was 
found that the dura pulsated freely, but when it was opened the operator was shocked to 
find no spinal cord at all! Further examination showed that at the level of the first thoracic 
segment the whole spinal cord was displaced across to the right, beyond the midline (Fig. 1). 
It actually passed in a curve out into the intervertebral foramen and back again. The foramen 
was enlarged in such a way as to form a funnel-shaped cavity. At the apex of this funnel 
the dura passed out along what must have been the first thoracic nerve. It seemed quite 
evident that the whole cord had been drawn gradually into this funnel-shaped cavity and 
that the cavity had been enlarged by contraction of the cicatrix. 

The cicatrix could act upon the cord only through the sheath of the former right first 
thoracic nerve. The roots of the left first thoracic nerve were stretched to twice their usual 
length. The cord itself was not much atrophied. Bone was removed widely on the right 
side at the site of the traction upon the cord until the sheath of the right first thoracic nerve 
was well exposed. This was cut across and it was then found that the spinal cord came back 
across the spinal canal to the midline. 

After operation there was some increase in the weakness but improvement began at 
about the third week and continued for several months. He returned home after an extended 
convalescence, and at the end of five years his uncle wrote that he had been getting about 
’ although suffering from very high blood pressure. He died of cardiac 


‘ 


3 ; 
as well as ever, 
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disease at the age of sixty-five years, without our seeing him again. It was then reported 
that in the few months before his death, weakness in the legs had returned and progressed, 
but whether from systemic or local causes is not certain. 

It is suggested that at the time of avulsion of this boy’s arm, the first thoracic nerve was 
drawn out and severed within the spinal foramen, thus exerting traction upon, but causing 





Fic. 1 


Cicatricial contraction at the level of the first thoracic root, pulling the cord into the foramen 
of the nerve, and causing spinal paralysis forty-six years after the injury which caused 
avulsion of the brachial plexus. 


no injury to, the cord. The scar which formed in the remaining segment of the nerve and 
meninges eventually contracted to such an extent that it literally pulled the cord into the 
foramen of the nerve and finally produced compression of the spinal cord or interference 
with its circulation. Strange to say, it was not until thirty-seven years later that spinal 
symptoms first developed, and it was not until forty-six years after injury that the symptoms 
became incapacitating. 
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THE TREATMENT OF RESIDUAL PARALYSIS AFTER 
BRACHIAL PLEXUS INJURIES 


A. M. HENDRY, BIRMINGHAM, ENGLAND 


From the Robert Jones and Agnes Hunt Orthopaedic Hospital, Shrcpshire ; 
the Royal Cripples Hospital, Birmingham; and the Peripheral Nerve 
Injuries Unit, Barnsley Hall, Bromsgrove 


Problems arising in the treatment of disabilities remaining after brachial plexus injury, 
with residual paralysis of varying location and degree, and sometimes with aggravation by 
the contractures of muscle fibrosis and the effects of indifferent splintage, are almost as 
numerous as the cases themselves. Far too often, amputation has been accepted as the only 
solution. Experience which has been gained during the past eighteen years in the treatment 
not only of paralysis due to brachial plexus injuries, but also of paralysis due to poliomyelitis, 
and muscle injuries due to soft tissue wounds of the forearm, has shown that even in a limb 
which is apparently useless it may be possible to restore a degree of function which is much 
to be preferred to that of an artificial limb. Amputation should not be considered, even at 
the request of the patient, without some preliminary effort at improvement. Furthermore, 
it should not be accepted that there has been complete failure of recovery, and it should 
not be proposed to start reconstructive measures, until adequate treatment has been continued 
long after the conclusion of periods estimated theoretically on the rate of nerve regeneration. 
The opinions which are expressed in this article, and some of the procedures which are 
recommended, are based not only upon this experience but on long observation of many 
cases treated by other surgeons. Many operations which were calculated to improve function 
have been found to fail at an early stage, or at least to lose initial promise after varying 
periods. 

Except when the paralysis is equivalent to loss of the musculo-spiral nerve, or to a high 
combined lesion of the median and ulnar nerves, it is almost impossible to classify these 
cases. In determining what best to do for any particular patient the limb must of course be 
viewed as a whole, but in this study the problems will be considered under regional headings: 
the hand, the wrist, the forearm, the elbow, and the shoulder. 


THE HAND 


Musculo-spiral paralysis—When residual loss of function is almost equivalent to that of 
musculo-spiral nerve paralysis, transplantation of the wrist flexors in order to activate the 
thumb and finger extensors is so effective, and has been discussed so fully by Zachary (1946), 
that only two comments will be made from a personal experience of fifty-five cases—thirty-two 
of which involved the musculo-spiral nerve, nineteen the posterior interosseous nerve, and 
four the extensor muscles themselves. In the first place it is wise to transplant the flexor 
carpi ulnaris to the extensor indicis and extensor pollicis longus as well as to the extensor 
communis digitorum. Secondly, when palmaris longus is absent, or when all flexors of the 
wrist have been utilised for transplantation, arthrodesis of the wrist joint should be deferred 
until it is certain that the expected gain in extensor power of the fingers will offer greater 
practical advantage than mobility of the wrist joint. 

High combined median and ulnar nerve lesions—When the median and ulnar nerves 
are affected in the forearm, separately or together, the residual effect is no more than part 
of that of a high combined lesion; so that only the latter will be discussed, the problem of 
the fingers being considered separately from that of the thumb. 

Fingers—Transplantation of one wrist extensor or supinator longus (brachio-radialis) to 
flexor profundus digitorum, as recommended by Stiles and Forrester-Brown (1922), is 
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effective in restoring flexion to the fingers. The author has performed this operation in eleven 
cases, using supinator longus in two, and extensor carpi radialis longus in eight. The other 
case was one of poliomyelitis with normal wrist flexors and extensors, and transplantation 
was carried out by inserting the extensor carpi radialis longus and extensor carpi ulnaris 
into flexor profundus digitorum, and at a later stage, flexor carpi ulnaris into extensor 
communis digitorum and extensor indicis. This gave excellent improvement in the power of 
grasp and the strength of extension movement at the metacarpo-phalangeal joints. Power 
to flex the fingers is thus assured, but there still remains the difficult problem of loss of active 
extension of the interphalangeal joints when these, and the metacarpo-phalangeal joints, are 
mobile. 

It has long been observed that if extension of the proximal phalanges is restrained at 
the metacarpo-phalangeal joints, the common extensor muscle extends the interphalangeal 
joints. This is but a further example of the principle concerned at the wrist joint after trans- 
plantation of all flexors to the thumb and finger extensors, namely, that complementary 
action is necessary in order to restrain the more proximal segment and allow the more distal 
segment to be moved. In the hope that such restraint might be provided at the metacarpo- 
phalangeal joints, even if it did not actively extend the interphalangeal joints, the sublimis 
tendons were transplanted on three occasions to the lumbricales in the manner advocated by 
Bunnell (1942), the supinator longus or a radial extensor being transplanted into the sublimis 
tendons above the wrist. The supinator longus was selected in two cases where the extensor 
carpi radialis longus had been inserted into flexor profundus digitorum, because it was 
considered that re-education of one wrist extensor to extend the interphalangeal joints, 
while the other wrist extensor flexed them, would be difficult or even impossible. In a third 
case, the use of activating muscles was reversed. All three failed. 

That arthrodesis, or even fibrous ankylosis of the metacarpo-phalangeal joints, would 
serve well, provided only that it was achieved without interference with free mobility of the 
extensor cuff, was well proved in one patient who had a combined lesion of the median and 
ulnar nerves in the upper arm, with a 10 centimetre gap in each. The fingers, and especially 
the metacarpo-phalangeal joints, were very stiff. These were brought gradually to a degree 
of flexion just short of the right angle, and held there while the interphalangeal joints were 
mobilised. At a later date, extensor carpi radialis longus was inserted into flexor profundus 
digitorum. Excellent function was gained and it has been maintained. Nevertheless, with 
the exception of one case mentioned later, arthrodesis of the metacarpo-phalangeal joints 
has not been done in this type of case. Good functional results demand free play of the 
extensor cuff, the movement of which would almost certainly be restricted by operative 
exposures, especially in the middle and ring fingers. If this happened, or if in attempting to 
avoid it arthrodesis failed by reason of cautious and inadequate dissection, the alternative 
of interphalangeal arthrodesis would then be impracticable; the success of interphalangeal 
arthrodesis depends essentially on free mobility of the metacarpo-phalangeal joints. 

In patients with mobile finger joints, the procedure which finally has been adopted is 
arthrodesis of the proximal interphalangeal joints, just above the right-angle in the case of 
the middle, ring and little fingers, and at a rather wider angle in the index finger so that the 
tip of the digit can meet the thumb for a pincer effect. This operation has been done in 
seven cases of paralysis, and one of crushing injury to the fingers. In one patient, after 
supinator longus had been transplanted into flexor profundus digitorum (and after an attempt 
to activate the lumbricales, as described above, had failed) the metacarpo-phalangeal joint 
of the index finger, and the interphalangeal joints of the other fingers, were arthrodesed: 
full extension of the index was not obtained, probably for the reasons indicated. 

In only one finger has later arthrodesis of a distal joint been necessary for flexion 
contracture. Fixation of the extensor tendon at the proximal joint tends to prevent this 
deformity. 
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It the finger joints are not freely mobile, arthrodesis should be deferred until it has been 
noted whether or not, after tendon transplantation and functional activity, there has been 
gain in the range of movement of one or other group of joints. The joints with the more 
limited range may then be held in the optimal position, while further movement is encouraged 
in the more movable joints. Though movement in the individual joints of stiff fingers may 
be little, the total may justify tendon transplantation, giving a useful increase in the range. 
Thumb—tThe fact that so many operations have been devised with the object of securing 
opposition of the thumb is, in itself, an indication that most of these procedures are liable 
to fail sooner or later. Even when the opponens alone is paralysed, the experience of this 
writer, over many years, has shown that no tendon transplantation is consistently successful 
in restoring opposition and at the same time leaving full mobility of the thumb. Several 
factors are responsible for this failure. Opposition of the thumb is an admirably co-ordinated 
combination of abduction and flexion movements at the carpo-metacarpal joint, during 
which the opponens moves with the metacarpal through an arc, rather like that of a stay- 
wire moving with the jib of a crane. This effect is never reproduced fully by any tendon 
transplantation and it seems that the operations fail because there is inability to maintain 
the abduction quotient. Some early successes depend on abduction being impressed on the 
metacarpal by pressure against the capsular ligaments, and by close approximation of the 
carpo-metacarpal joint surfaces. Sooner or later, however, the obliquity of this pressure 
stretches the capsule; the joint surfaces become less closely applied; abduction movement 
lessens; and there is increasing adduction of the thumb metacarpal towards the index finger. 
This is particularly true of transplants which depend on the construction of a pulley near 
the pisiform when the thumb ultimately comes to move just across the palm. But it is true 
also of direct transplantation of palmaris longus, flexor carpi ulnaris, or an extensor of the 
thumb, whether through extensor brevis pollicis or by means of free tendon graft. 

Other sources of failure depend on the point of attachment of the transplant to the 
thumb. If the attachment is to the base of the proximal phalanx, whether by the short 
extensor or by a free graft, flexion deformity at the metacarpo-phalangeal joint always 
develops and increases. Naturally, this lessens the range of excursion of the thumb until it 
may not be possible to extend it sufficiently to clear the flexing index finger. When the 
insertion is into the metacarpal neck, the combined effect of pull of the adductor on the 
proximal phalanx, and lateral pressure of the thumb against the fingers, is to stretch the 
lateral ligament of the metacarpo-phalangeal joint; the phalanges adduct towards the index 
finger with corresponding loss of abduction of the thumb as a whole. Such observations in 
lesser degrees of paralysis of the thumb, and the fact that in the severe cases now under 
discussion the muscles commonly used are not available, make it clear that some more radical 
procedure must be adopted. 

A feature which may often be noted in these cases is flexion deformity at the inter- 
phalangeal joint of the thumb despite a normal extensor pollicis longus. This is due to loss 
of complementary action of the flexor brevis pollicis whereby the proximal phalanx is not so 
fixed as to allow the distal phalanx to be extended on it. Such deformity must necessarily 
be aggravated by transplantations to activate the-long flexors (Luckey and McPherson 1947). 

For these reasons, the procedures adopted in cases of severe paralysis, which so far seem 
to have worked well, have been: 1) to arthrodese the interphalangeal joint in a position 
just short of full extension; 2) to arthrodese the metacarpo-phalangeal joint with the 
phalanx sufficiently abducted on the metacarpal to compensate fixed adduction towards the 
second metacarpal, and rotated to such a degree that in the flexed position the thumb opposes 
the fingers; and 3) when these two joints are stabilised, to transplant an available wrist 
extensor, or supinator longus, into the long flexor of the thumb. This combination of 
procedures has been done in seven cases, using the supinator longus in two, the extensor 
carpi radialis longus in two, and extensor carpi ulnaris in three. In two cases where the 
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thumb was markedly adducted by contracture, it was freed at a preliminary operation by 
filleting the tissues in the first interosseous space. 

Cases with some recovery of the flexors alone—Apart from the two groups already 
considered, one of the most common findings in brachial plexus injuries with limited motor 
recovery is that of moderate power in the flexors of the wrist and fingers. In such cases the 
extensors, and the intrinsic muscles, are usually lost. If the interphalangeal joints are mobile 
it is usually better to leave them so; it may well be that the patient will find it more useful 
to rely on passive opening of the fingers by which to grasp an article and hold it the more 
firmly (as in the case reported on page 48—T. H. J., 1932). If however, by reason of flexion 
contracture, arthrodesis cannot be avoided, the position in which the joints should be fused 
will vary in accordance with the range of movement at the metacarpo-phalangeal joints: 
the less the range, the straighter should be the fingers at the interphalangeal joints in order 
to give a wider span between finger tips and thumb. 

The best utilisation of wrist flexors depends on their power, and their range of excursion, 
which may be restricted by fibrosis. If these are sufficient, the tendons can be transplanted 
to the finger extensors, the flail thumb being stabilised in forward abduction by arthrodesis 
of the interphalangeal and metcarpo-phalangeal joints with a bone-strut between the first 
and second metacarpals. The thumb then acts as a rigid prop against which an object can 
be held by the fingers. On the other hand, if power is not sufficient for this purpose, one or 
both flexor tendons of the wrist may be inserted into the flexor pollicis longus after preliminary 
stabilisation of the thumb which should be planned in accordance with the range of joint 
movement and the degree of contracture or adduction deformity, namely: 1) arthrodesis of 
the interphalangeal and metacarpo-phalangeal joints, the thumb remaining capable of 
active flexion at the carpo-metacarpal joint in order to hold objects against the fingers; or 
2) arthrodesis of the interphalangeal joint with the thumb fixed in forward abduction by a 
bone-strut between the first and second metacarpals, the metacarpo-phalangeal joint 
remaining mobile. In either case the thumb has to be extended passively before an object 
can be grasped. 

Three patients have been seen, after suture of the main nerves high in the axilla, with 
hands which were completely flail except for a single wrist flexor—in two, the flexor carpi 
radialis; and in one, the flexor carpi ulnaris. In the first two, the radial flexor tendon was 
left in its normal position because it was believed that if it had been transplanted to the 
finger flexors, opening of the grasp would have been impossible ; whereas by leaving the 
muscle, and converting the hand into a claw by tenodesis of the finger flexors and extensors, 
the grasp would be closed by gravity when the wrist was extended in supination, and opened 
by active flexion of the wrist by the undisturbed muscle. Moreover, if the tendon had been 
transplanted, all the effort of lifting and carrying would have fallen on the fingers, whereas 
by leaving it alone there would be better weight-carrying in the palm. In the third case the 
ulnar flexor was transplanted to the long flexor of the thumb, which was arthrodesed at the 
two distal joints. This procedure was preferred because the unopposed ulnar wrist flexor 
tends to deviate the hand, unlike the more centrally placed radial flexor. 

The completely flail hand—By utilising the effects of gravity and tenodesis, quite useful 
funetion can often be gained even in a completely flail hand, especially if the joints are mobile. 
After fixing the thumb in forward abduction by a strut between the first and second meta- 
carpals, the flexor tendon of the thumb and all flexor tendons of the fingers are divided and 
passed dorsally through a gouge hole in the radius above the wrist. The extensor tendons 
are passed anteriorly through the same opening, both groups being scarified, and sutured 
together, with the wrist in slight dorsi-flexion and the finger tips just in contact with the palm. 
Bone which has been removed may be broken up and packed round the tendons in order to 
ensure firm fixation. When the forearm is supinated the wrist is dorsi-flexed by the weight 
of the hand, together with that of any article placed in it; the finger flexor tendons are thus 
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tightened and the article is grasped firmly. When the wrist is flexed, either passively or by 
gravity in pronation, the tightening extensors open the hand. This procedure is useful even 
when it is necessary to move the forearm and wrist passively; but naturally it is best when 
pronation and supination are controlled actively. 

Only one case has been seen where the hand was flail except for a single extensor of the 
wrist. This was due not to paralysis but to wounds, with destruction by anaerobic infection 
and operative treatment of all the forearm muscles except pronator radii teres and the short 
radial extensor of the wrist. The patient was treated by the tenodesis described and although 
he could not pick up an article, because the hand had to be extended away from it in order 
to close the grasp, he could maintain grasp by active dorsi-flexion of the wrist whether the 
forearm was pronated or supinated. When a tool was placed in the hand he could wield it 
with great dexterity. 

If pronation and supination cannot be alternated, the finger flexors alone need be slung 
to the radius to form a hook; but this is better done with the wrist in greater flexion so that 
the tension of the sling, when weight-carrying, is increased. If the flexor sling should stretch, 
or if contracture of the interphalangeal joints should develop, arthrodesis of these joints may 
be required. This was necessary in only one case in this series. 


THE WRIST JOINT 


Arthrodesis of the wrist joint is sometimes helpful, but mobility is no less often of value. 
Such mobility improves function after tenodesis, and it may reinforce the power of trans- 
planted tendons. Before the wrist joint is fused—a step which is irretrievable—it should be 
made quite certain that stability is of greater advantage than mobility. Arthrodesis can be 
carried out at any time, and even in the completely flail hand it should be kept in reserve 
as a final procedure. A wrist joint which is somewhat lax can be partly stabilised by fixation 
of the flexor tendons, the extensor tendons, or both flexor and extensor tendons, to the radius 
and ulna. 

When the first consideration in the treatment of a completely flail hand is its 
appearance, arthrodesis of the wrist joint may be advisable, together with arthrodesis of any 
finger joint which is so contracted as to make it difficult to put on a glove. The thumb should 
be stabilised in abduction by an inter-metacarpal bone-strut. If the mid-position of the 
forearm is established, and the elbow is stabilised by posterior bone-block as described below, 
the first interosseous space and its metacarpals provide a surface upon which to balance or 
support such articles as, for example, a tray which may be held in the other hand. 


THE FOREARM 

The position of the forearm is important, especially when the hand is flail or imperfectly 
controlled. Unless well controlled, the neutral radio-ulnar position is seldom of value—the 
hand tends to drop into ulnar deviation, and the palm lies in a useless plane. In most patients 
with a flail hand, full supination is better than the mid-position: it offers the most useful 
sling; if there has been tenodesis the function is best; and the palmar aspect of the hand is 
presented for carrying. Nevertheless if, in consequence of contracture, the wrist is still in 
flexion, the fully pronated position should be chosen with the fingers formed into a claw by 
which objects may be carried in the hook of the fingers. When appearances alone are 
considered the mid-position is the best. Correction of the position of the forearm can 
be secured readily by cone rotation-osteotomy of the radius in the upper half. 


THE ELBOW 


No matter how good the hand or shoulder may be, an upper limb which hangs in full 
extension at the elbow joint is seriously incapacitated. Active flexion is sometimes possible 
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by the flexor and extensor muscles of the forearm, and by the supinator longus, but only 
after the joint has been flexed passively to a degree which varies in accordance with the 
power of these muscles. It is well known that such flexion can be initiated, and the 
mechanical advantage of the muscles improved, by transposing their origins to a higher level 
of the humerus (Steindler 1939). The two defects of this operative procedure are: 1) power 
is seldom sufficient to permit carrying even moderate weights; 2) an overacting triceps, the 
weight of the forearm, and more especially the effect of weight-carrying, tend gradually to 
extend the elbow and thus stretch and weaken the muscles which have been advanced. For 
such reasons, this author, in 1931, placed a bone-block behind the elbow by which to provide 
initial flexion and permit weight-carrying in front of the body. Since that time the procedure 
has been carried out in a number of patients with limited power of elbow flexion, and in many 
in whom there was no power of flexion whatever. 

Posterior bone-block for flexor paralysis of the elbow—The operation offers many 
advantages. Weight can be borne in front of the body, in the hook of a tenodesed hand, on 
the palm of a hand with arthrodesis of the wrist, or on the forearm. Furthermore, the forearm 
can be flexed, passively if necessary, to place the hand on a table or bench. Even more 
important, the forearm can still be put in contact with the upper arm or chest wall, out of 
harm’s way in a crowd, a position which is impossible after arthrodesis of the joint. Indeed 
the operation has proved so useful that it is greatly preferred to arthrodesis except in special 
cases where the hand and shoulder are strongly controlled and the patient’s work demands 
a perfectly stable, rigid, and painless joint. Of all procedures carried out in these severely 
paralysed limbs, this operation seems to have provided the greatest advantage. It has been 
performed on twenty-one occasions: in eleven patients with residual paralysis after polio- 
myelitis; and in ten patients with brachial plexus injuries. In nine, the limb was completely 
flail; in two, the long head of the triceps was also transplanted to the radius in front; and in 
two others the flexor origins of the forearm were advanced up the humerus. It is not advised 
in young children because it may possibly cause disturbance of bone growth, and because 
the best position of the joint may not be maintained. 

Technique of the bone-block operation for flexor paralysis of the elbow—The position of 
flexion at which the block is placed depends upon several factors: the function in the hand; 
the range of active flexion which is possible; the control of the shoulder; and the occupation 
which the patient may have in mind. The operation is easy, but it does not suffice to do 
no more than fill up the olecranon fossa. The joint is exposed on its posterior aspect by a 
curved incision, thus avoiding a mid-line wound which is liable to gape when the elbow is 
flexed. The triceps is split and retracted. The tip of the olecranon process is removed in 
order to give a more broad surface for contact with the block. With the elbow flexed to the 
predetermined angle, a transverse incision is made across the trochlea by which to mark the 
distal limit of the block, and the elbow is fully flexed. A transverse channel is cut in the 
trochlea, extending to its lateral walls; the central part is removed up to the olecranon fossa. 
The fossa is denuded and its upper lateral walls elevated. A cortical graft, two and a half 
inches long and half an inch wide, is removed from the tibia and as much as is necessary to 
fit the transverse channel is driven in, with the cortical surface distally. Excess of bone is 
placed vertically, above this, into the olecranon fossa and humeral medulla. The triceps is 
sutured, the wound closed, and the limb put up in a position of comfortable flexion. 

One patient, whose hand was almost normal, but whose elbow and shoulder joints were 
flail, had been advised to have arthrodesis of the shoulder. After a bone-block operation on 
the elbow he found that the limb was so useful that further operative treatment was declined. 
He preferred mobility of the shoulder to any gain in power which might be conferred by 
arthrodesis. For five years he has worked in a warehouse, carrying heavy loads and pushing 
wheelbarrows. One other patient with similar disability, who was treated in the same way, 
has also declined arthrodesis of the shoulder. 
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On two occasions, when the long head of the triceps was the only active muscle in the 
limb, a bone-block operation at the elbow was combined with transplantation of the triceps 
to the front of the radius. In each case the transplant worked well in accordance with the 
available muscle power. In two other cases, pectoralis major was inserted into the biceps: 


no advantage was gained, but it may well be—since good results have been secured from 
this transplant by other surgeons—that the failures were due to faulty technique. 


THE SHOULDER 

Arthrodesis of the flail shoulder joint is sometimes advisable in order to transmit to the 
humerus the power of such muscles as are still capable of active control of the scapula. 
Moreover, even when there is little or no such power, it is often necessary to stabilise the 
limb in order to prevent internal rotation and loss of forward projection of the forearm 
which has been gained by an elbow block. 

Since arthrodesis of a joint is almost irrevocable it should not be advised until it is quite 
clear that the advantages outweigh the disadvantages. In the case of the shoulder joint 
many women prefer to keep mobility, despite paralysis, so that it may still be possible to 
raise the limb passively and thus use the hand in dressing, washing, and arranging the hair. 
The cosmetic appearance is certainly better when the limb can swing, and the shoulder be 
carried squarely, which is not possible after arthrodesis. Some of these considerations apply 
equally to men ; and provided that function of the hand is good, a flail shoulder is not a serious 
disadvantage in many occupations. Arthrodesis is not advisable, therefore, in children whose 
future occupation cannot be foretold. For many occupations such arthrodesis is a disadvantage. 

If it is decided that the paralysed shoulder joint should be arthrodesed, care should be 
taken to avoid the wide degree of abduction which is sometimes recommended. If this is 
more than can be accommodated easily by scapular excursion, the weight of the limb when 
it is adducted stretches and weakens the scapular muscles and causes aching in the cervical 
region. Similarly there should not be too much external rotation; it is seldom necessary to 
provide more than clearance from the chest wall. 

Contrary to common practice, arthrodesis of the shoulder joint should be the last major 
procedure in the treatment of a paralysed upper limb. The ease of performance of more 
distal operations, and the comfort of the patient after such operations, is very much greater 
if the shoulder joint is freely mobile. 


TWO CASE REPORTS 
T. H. J. (1932), aged thirty-two years—First seen three and a half years after sustaining 
complete left brachial plexus paralysis due to a motor-cycle accident. The plexus had been 
explored soon after injury. He had fair scapular control. Below the shoulder there was 
no power whatever except for a flicker in the flexor profundus of the index finger. The arm 
dangled at the side; it was blue and cold; and it ached so badly that he demanded amputation. 
After ten months of intensive physiotherapy, good power was regained in the flexor muscles 
of the fingers and fair power in the flexor muscles of the wrist. There was no recovery in any 
other muscle group. Operative treatment: 1) The thumb was stabilised in forward abduction 
by a bone-strut between the first and second metacarpals. The metacarpo-phalangeal joint 
was arthrodesed. 2) The forearm, which was fully pronated, was turned to full supination 
by cone rotation-osteotomy of the radius so that gravity could, to some extent, aid extension 
of the fingers and permit weight-carrying in the palm by the wrist flexors. 3) A bone-block 
was placed behind the elbow with the joint at an angle of 110 degrees. 4) The shoulder was 
arthrodesed in 40 degrees of abduction; no more abduction than this was justified by the 
power which was available. In 1934 this patient secured a job as a bus conductor in a rural 
service. Ten years later, in 1944, he was still doing his work satisfactorily. He uses the 


paralysed limb to hold his ticket rack. 
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J. S. (1942), aged twenty-five years—First seen five years after brachial plexus paralysis. 
The plexus had been explored. Apart from a little scapular control, slight power in the long 
head of triceps, and a flicker of movement in the index finger flexors, the limb dangled by 
the side, flail, blue, and cold, with the forearm fully pronated and the wrist and fingers 


contracted in flexion. It ached so much that he insisted on amputation. Much persuasion 
was necessary before he was willing to submit to reconstructive surgery. Operative treatment: 
1) A bone-block was placed behind the elbow with the joint at a right-angle. 2) The long 
head of triceps was detached from the olecranon and transplanted to the radius in front. 
3) The shoulder joint was arthrodesed in slight abduction. These simple procedures improved 
the function of the limb so much that he secured work as a stenciller in a steel works, carrying 
his paint pot in the hook formed by the contracted fingers. Pain disappeared and the 
circulation of the limb improved. 


CONCLUSIONS 

After brachial plexus injuries, and other forms of paralysis of the upper limb, even when 
residual paralysis is very grave indeed, and even when the limb is almost flail—a forearm 
which can project forwards by the construction of a bone-block behind the elbow, with 
arthrodesis of the shoulder when necessary; a hand with fingers in the form of a claw and a 
thumb which opposes them; and a wrist which may perhaps be arthrodesed, but which still 
better can flex or extend when the forearm is pronated or supinated; together with the wise 
use of such muscles as are likely to gain function; may enable a patient to do very much more 
than he can with an artificial limb. 
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ARTHROPLASTY OF THE KNEE JOINT 
Late Results 


J. EDoUARD SAMSON, MONTREAL, CANADA * 


Arthroplasty of the knee joint has not yet won general favour. It is charged with failure 
to fulfil the hopes that were expected of it, namely, the attainment of perfect stability with 
sufficient and painless mobility. Consequently many surgeons resort to it only in cases of 
absolute necessity. However, the author’s experience (1931, 1936) has been favourable, and 
the operation has been performed more than a hundred times for ankylosis, destruction of 
articular surfaces, and acquired or congenital deformities. Seventy-two patients were 
operated upon between 1924 and 1941 which gives sufficient material by which to judge 
the merits of the method. 

Forty-three of these patients, twenty-eight women and fifteen men, have been 

re-examined recently. Arthroplasty of both knees was performed in four cases and 
arthroplasty of the same knee twice in three, which accounts for a total of fifty operations 
in forty-three patients. This study, and the statistics, refer to the number of operations 
and not to the number of patients. 
Technique of operation—Certain details of our operative technique require emphasis. 
The same simple operation was used in all cases. It is important to remove the tibial and 
femoral surfaces freely, and to retain in the middle of the tibial surface a ridge of bone 
1-5 cm. wide, which is introduced into the intercondylar groove shaped to receive it. An 
attempt is always made to preserve the collateral ligaments, particularly the medial ligament, 
so as to prevent excessive lateral mobility. There has never been need to lengthen the 
patellar tendon, and only once has a patella which was very thick and mis-shapen been 
removed. This case is not included here, but the immediate result was well below the average. 
The patient could neither brace his knee actively, nor lock it when bearing weight. A free 
flap of fascia lata, about 15 cm. by 10 cm. in size, is used to cover the condylar surfaces, and 
it extends to the upper limit of the suprapatellar pouch. A few years ago cellophane was used 
in two or three cases instead of fascia; it was either discharged spontaneously or had to be 
removed on account of the reaction it provoked. 

At first, private patients received passive physiotherapy after operation (diathermy, 
massage, etc.), while public ward patients received no treatment other than active exercise 
of the quadriceps and forced mobilisation under anaesthesia. Some fourteen years ago, these 
two groups of cases were compared, and we found no difference in the late results. Passive 
treatment has, therefore, been discarded. Infiltration of the knee with novocaine, enabling 
the patient to move the joint easily and with less pain, has proved useful. Many of our 
patients received one to four mobilisations under anaesthesia within three or four months 
of operation. This mobilisation, cautious and slow, was not carried beyond 20 to 25 degrees 
at any one time. Mechanotherapy, bathing and early resumption of walking have also proved 
very useful. 

In four cases, all women, arthroplasty has been performed on both knees, but none 
succeeded in mobilising the second joint. The effort needed for recovery from a second 
nearthrosis was beyond the capacity of the patient: the bilateral operation has, therefore, 
been given up. A second arthroplasty of the same knee has been performed in three women; 
reankylosis followed in two. 

The patient’s age is important. It is generally wise to wait until the age of twenty. The 
young patient forgets too soon the promises of full co-operation which he originally made in 
his desire to regain mobility of the stiff joint. The patient must be told of the pain he will 


* Paper read at the Joint Meeting of the Canadian, British, and American Orthopaedic Associations in Quebec, 
June 1948. 
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ANALYSIS OF ARTHROPLASTIES FOR ANKYLOSIS OF THE KNEE JOINT 
IN 43 PATIENTS OPERATED ON 


ARTHROPLASTY OF THE KNEE JOINT 


TABLE I 


FROM 


1924 to 1941 * 





Duration 


Results 





| 
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ause of bra -.. ag, (Duration) , | le rate 
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: : plasty anaesthesia therapy er on 5 aot| 
(months) aco: © Grading" 
flexion 
\cute ( l. MT. F 16 i$ 8/11/25 1 6 0-90 Ex. 
1 suppurative < 2. Bc. M 16 1/5 | 19/7/27 0 2 0-45 F. 
arthritis Lh 0, Nie. EF 29 Z 14/10/41 5 0 0°-90 Ex. 
1207 eo, F 21 10 4/2/28 2 0 0°90 Ex. 
J eG ae OR ee F 16 7 6/6/28 3 0 Reankylosis P. 
1) PG. Ee. F 20 5° 31/10/28 1 6 0°-90 Ex. 
Reais 1 | 26s 40.25. F 19 2 17/2/34 4 0 Reankylosis E’. 
2 rthritis a aS Pe Dogg F 22 2 11/6/34 2 0 0°-90 Ex: 
Bi 1+ 30; Ca F 19 1 8/9/36 1 0 0°70 Ex. 
|| 20. G.S.M.| F 25 2 11/3/38 Zz 0 0-90 Ex: 
1 | 87. MeA F 30 19 25/10/38 3 y 0°—90 x: 
| 1-24. R.G M 23 LY. 10/10/39 2 0 0°45 F 
fi235 3D M 22 2 26/5/33 4 6 90 Ex. 
idee 5 De F 38 }1 10/11/26 0) 0 0-90 Ex: 
e ok. FE 31 1: 14/6/32 L 0 0 0°-70 F 
(bilateral) : 3 1/9/33 R 0 0 Reankylosis P. 
23. J.D. M 22 2 26/5/33 4 6 0-90 Ex. 
L) aa. he D: M 24 z 1/6/33 1 0 0°90 Ex. 
|} oy 2. B: F 25 ] 8/2/34 2 0 0°90 Ex. 
Git || eee | MS 3 7/7/34 1 0 0°35 F. 
nattastite <7 1S: EP F 38 2 8/8/34 0 0°-90 Ex. 
; z | oS You M 38 Lt 23/10/34 2 12 0°-50 F. 
38. ALE. M 29 29 23/5/35 l 2 0°-75 Ex. 
ee eS F 26 vs 10/10/35 0 0 0°60 F. 
ae Seo F 23 *, 2/2/36 I 0 0°-70 Ex. 
1) Se, B.D. F 34 4 31/7/36 0 0 0°-90 Ex. 
| a0. Eo B. F 32 13 11/11/36 | 0 0°45 B.. 
Lites MoT. M 34 4 6/6/37 1 0 0°90 Ex. 
ie Fs Da M 34 3 11/6/37 1 0 0°60 Ex. 
4 Tuberculous f{ 13. M.L.O.; F 17 5 10/10/23 0 0 Reankylosis Pp 
arthritis pa ey gs M 36 28 13/9/33 | | 0°90 Ex. 
( ZA;. A;.¥. M 35 2 26/1/34 | 0 0°40 F. 
| 8. E.B. —_* 12 30/7/35 R 4 ‘ 0°-90 Ex. 
| (bilateral) eo Zisien, Le Reankylosis 5g 
= 19; 1... . ; 14/10/37R 10°-45° R Ex. 
= Polyarthritis | (bilateral) F 60 20 15/1/38 L i ° 10°—25° L F. 
1 16. E. B. M 54 3 11/6/40 1 0 0°90 Ex. 
i] WO. ]. B. M 44 4 12/11/40 1 0 Reankylosis re 
ie oe ee ee 29 15/5/41 L 4 0 0°40 F. 
(bilateral) = 11/9/42 R Reankylosis eae 
g Hypertrophic f 37. E.L. F 53 10 8/6/33 1 0 0°-60 F. 
chronic arthritis | 38. J. L.B. M 48 5 13/6/35 0 0 0°45 F. 
: yy { 36. S.C F 24 6 2/4/36 0 0 0°-90 P.t 
g Fracture head f{ 27. A.D M_ 60 2 10/12/32 1 0 0°90 Ex. 
, of tibia VW 6. Ted M 39 18, | 15/7/38 0 0 0°-90 Ex. 
9 Unknown () StL. EL. F 26 1 15/3/34 4 1 0°-60 Ex. 
e origin | 48: BP: EF 27 4 6/10/36 1 0 ()°-40° F. 
1 Grading: Ex.= Excellent; F.= Fair; P.= Poor. 


* In this table, three cases in which a second 
arthroplasty of the same knee was performed 
(two of which resulted in reankylosis) are listed 
once only. Thus there are 47 and not 50 results. 
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have to suffer for a fairly long time; otherwise he loses courage, abandons the treatment, 
and holds the surgeon responsible for the lack of success. 

Nature of ankylosis for which arthroplasty was performed—Among the forty-three 
patients, the causes of stiffness of the knee were: gonococcal arthritis, 16; acute arthritis, 9; 
acute suppurative arthritis, 3; polyarthritis, 6; osteomyelitis, 1; tuberculosis, 2; chronic 
hypertrophic arthritis, 2 ; fracture of the head of the tibia, 2; and unknown, 2. It appears 
that bony and fibrous ankylosis respond equally favourably to arthroplasty. In the case of 
osteomyelitis, suppuration took place and ankylosis recurred. Oftentimes we were amazed to 
find that a patient whose new joint appeared in radiographs to be disorganised leads 
nevertheless a fairly normal life. 





Fic. 1 Fic. 2 Fic. 3 
Eight years after arthroplasty for bony ankylosis of the knee joint. Despite “ the appearance ot 
anarchy ” in the radiograph (Fig. 1) the function is excellent, there is 90 degrees of movement, and 
the patient leads a fairly normal life. 
Results—The results of fifty arthroplasties performed in forty-three patients are shown in 
Table I. They may be summarised thus: 
Excellent—with a range of flexion movement to between 45 and 90 degrees, and a stable 
and painless joint—twenty-six (52 per cent.). 
Fair or Poor—including those who gained less than 45 degrees of movement (though with 
a stable and painless joint) and those in whom there was reankylosis, instability, or 
persistent pain—twenty-one (48 per cent.). 
Summary.—These statistics show that some movement was gained, with good stability 
and painlessness, in thirty-five of the fifty operations (70 per cent.) and that there was 
failure, with reankylosis, instability, or persistent pain, in fifteen (30 per cent.). 


CONCLUSIONS 
1. Arthroplasty of the knee is a worth-while operation. 
When performed under aseptic conditions it carries no important risks. 


te 


3. Ankylosis of gonococcal origin seems to be the most frequent of all indications. 

4. In polyarthritis one must be certain that the disease is quiescent before operating. 
5. Osteomyelitis and tuberculosis, however long inactive, are contra-indications. 

6. The musculature controlling the knee must be healthy. 

7. The co-operation of the patient is indispensable. 


REFERENCES 
SAMSON, J. Ep. (1931): Décollement épiphysaire. Union Médical du Canada, 60, 306. 
Samson, J. Ep. (1936): Journal of Bone and Joint Surgery, 18, 881. 
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ARTHROPLASTY OF THE KNEE 


A Follow-up Study 


J.S. SPEED and Puitip C. Trout, MEMPHIs, TENNESSEE * 
From the Campbell Clinic, Memphis 


In this paper the results of a follow-up study of fascial arthroplasties of the knee joint 
which have been performed at the Campbell Clinic are presented, together with generalisations 
regarding the operation which from our experience seem justified. Ankylosis of the knee is 
not a crippling deformity and for this reason most orthopaedic surgeons agree that a knee 
which is stiff in good functional position is preferable to the uncertainties of arthroplasty. 
It is the authors’ opinion, based upon this study, that in properly selec’ 2d cases arthroplasty 
of the knee offers a practical method of relief from a disabling deformity which is a constant 
source of annoyance and embarrassment, particularly in women. In such cases, the patient 
should have a reasonable expectation of obtaining: 1) between 60 and 90 degrees of active 
movement with adequate muscular control; 2) sufficient stability to permit ordinary activity 
without the use of external support; 3) no pain, or pain of such minor degree as not to limit 
an average day’s work in occupations other than those involving manual labour. 


INDICATIONS FOR ARTHROPLASTY OF THE KNEE 

Arthroplasty is indicated in patients with fibrous or bony ankylosis of the knee, between 
the ages of bone maturity and fifty years, who are not required to perform manual labour 
and in whom the ankylosis is the result of: 1) acute infective arthritis of haematogenous 
origin; 2) suppurative arthritis from punctured wounds or open fractures, the infection 
having been limited to the joint and unassociated with osteomyelitis; 3) trauma followed by 
incomplete painful ankylosis or complete ankylosis, wherein the bony components of the 
joint are not materially disturbed. 

Formerly, most arthroplasties were performed for ankylosis from acute infective 
arthritis, usually of a gonorrheal nature, or punctured wounds of joints. Recent advances 
in the treatment of acute infections by sulphonamide drugs and antibiotics has considerably 
reduced the incidence of ankylosis from these sources. 


CONTRA-INDICATIONS TO ARTHROPLASTY OF THE KNEE 

Arthroplasty is contra-indicated when ankylosis of the knee is incident to, or associated 
with: 1) multiple rheumatoid arthritis; 2) tuberculosis ; 3) osteomyelitis, either haematogenous 
or associated with open fractures; 4) obesity; 5) osteoporosis. Although we still advise 
arthroplasty of the knee for certain severely disabled patients with multiple ankyloses from 
rheumatoid arthritis, the purpose of the operation is not the same, nor do we expect as 
good results as in the favourable group. Osteoporosis provides a poor type of bone for the 
reconstruction of a weight-bearing joint. Erosion and absorption of the articular surfaces 
often cause instability, and valgus or varus deformities. The operation should be 
postponed, and active weight-bearing encouraged, until recalcification is adequate. 

One hundred and seventy-six fascial arthroplasties of the knee were performed by 
various members of our staff before 1947. In the beginning, the indications and contra- 
indications were not clearly understood, and the operation was performed upon many patients 
who, to-day, would not be considered suitable subjects. Such cases have been excluded from 
this study, not with the object of improving end-result statistics but simply because they 
* Paper vead at the combined meeting of the American, British, and Canadian Orthopaedic Associations in 
Quebec, June 1948, with cinematographic demonstration. 
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did not contribute to the solution of the fundamental problem—that is to say, the value of 
the operation in the type of case which we now regard as appropriate for fascial arthroplasty. 

The early arthroplasties, wherein chromicised pig’s bladder was used, were failures. Of 
four cases in which a single fixed vitallium mould was placed over the lower end of the femur, 
only one was successful. The patients in these two groups are not included in the present 
review. The failures after the use of the vitallium mould are explained by the fact, as shown 
by Smith-Petersen, that if a foreign body mould is to function satisfactorily it must be freely 
movable within the joint; fixation to either articular surface defeats the purpose of the mould. 
In the four cases in question, an active fibrous tissue and bony irritative reaction took place, 
the free surface of the mould becoming partly covered with a pannus-like formation of new 
bone. It was hoped that early removal of the mould might terminate this reaction, but in 
only one of the four cases was the process arrested before ankylosis recurred. 

The development of a satisfactory mould should increase the number of good results 
in that group of cases in which we now consider that arthroplasty of the knee joint is 
indicated, and perhaps widen the scope of the operation to include a large group of patients 
with ankylosis of the knee due to rheumatoid arthritis. 


BIOLOGICAL AND ADAPTIVE CHANGES AFTER ARTHROPLASTY 


Our experience with fascial arthroplasties of both hip and knee joints has led us to the 
conclusion that certain biological and adaptive changes are constantly taking place, so that 
one can never say that an end-result has been achieved. Nevertheless, follow-up studies 
have shown that, after fascial arthroplasty of the hip joint, function usually deteriorates 
gradually over a period of years, whereas, after arthroplasty of the knee joint, function reaches 
its maximum after five to ten years and subsequently remains remarkably stable. For this 
reason, a follow-up period of at least five years is believed to be necessary for proper 
estimation of the functional results. 

In view of the fact that many real or apparent failures manifest themselves within 
the first five years, a conscientious effort has been made to trace by correspondence or 
re-examination every patient who had a fascial arthroplasty and who was considered suitable 
according to our present criteria. Of the patients in this group, sixty-five were traced for 
five or more years after operation; one hundred and eleven were not traced, or were 
considered unsuitable. 

The pathological processes responsible for ankylosis in the sixty-five suitable cases were 
of three types: Neisserian infection ; haematogenous infection other than Neisserian suppurative 
arthritis; and traumatic arthritis. Until recent years, gonorrheal arthritis was the most 
common cause of monarticular ankylosis, and the infection was never reactivated at the time 
of operation. If the etiological factor was a blood-borne infection other than gonorrhea, the 
pathological process was classified as infective arthritis. Ankylosis from suppurative 
arthritis includes those cases in which the infecting organism, usually the staphylococcus or 
streptococcus, was introduced directly into the joint by a penetrating wound or surgical 
arthrotomy. In this group, the articular cartilage was destroyed rapidly, thus giving rise to 
early ankylosis. Injury without infection, except in the elbow, is seldom responsible for 
complete ankylosis. Nevertheless, arthroplasty is often indicated for the relief of pain in an 
injured joint with incongruous surfaces, or one in which movement is blocked because 


of comminution of the articular surfaces. 


SURGICAL TREATMENT 


The Campbell technique of arthroplasty of the knee has been employed exclusively in 
this group of cases. Some of the fundamental principles which experience has proved to be 
sound are: 1) The simplest type of hinge joint should be constructed, with single broad 


THE JOURNAL OF BONE AND JOINT SURGERY 















ARTHROPLASTY 





OF THE KNEE 


Case 1. Radiograph twenty-three years after arthroplasty of knee. 
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Case 1. Range of movement trom 180 to 110 degrees. 
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DE Weight-bearing F,G—-Ascending stairs H, 1—-Descending stairs 
in extension and flexion. in normal stride. in normal stride. 
Fic. 1 
Case 1. Fascial arthroplasty of the left knee for bony ankylosis due to 
acute infective arthritis, re-examined twenty-three years after operation. The 
radiographs are shown above. There is 70 degrees of movement from 180 
to 110 degrees (A, B, C). The knee is stable and free from pain (D, E). 
The patient can go up and down steps normally (F, G; H, I) and she can 
F walk eight or ten miles a day. 
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femoral and tibial condyles. The formation of a tibial spine (Putti) or a wedge-shaped femoral 
condyle (Haas) increases the likelihood of incongruity of the articular surfaces, since they 
require that nature shall accomplish by adaptive processes a relationship between the articular 
surfaces which can be achieved at operation. 2) The extensor mechanism should be disturbed 
as little as possible; hence, division of the quadriceps tendon or detachment of the insertion 
of the patellar tendon is unwise. Adequate exposure may be obtained without either of 
these procedures. 3) Sufficient bone should be removed from the posterior parts of the 
femoral condyles to permit free movement of the tibia well up into the popliteal space. 
4) In ankylosis of one-half the joint, the other half being relatively normal and with 
intact articular cartilage, a hemi-arthroplasty limited to the ankylosed side is contra-indicated. 
Without exception, this procedure has been a failure. 5) The use of a fascial covering of the 
new joint may not be necessary, but it is of value in keeping the bone surfaces separated 
until they are covered with fibrocartilage. 6) The ultimate stability of the joint depends 
upon: a) wide weight-bearing surfaces of the tibia and femur; 6) ligamentous and muscular 
support. The collateral ligaments and joint capsule should be stripped carefully from the 
bone and preserved. The cruciate ligaments, if present, must be sacrificed. 


RESULTS OF ARTHROPLASTY 

The reconstruction problem and the operative technique are identical in fibrous and bony 
ankylosis. The practical value of an arthroplasty to the patient must be judged by the function 
obtained. One can form a true estimate of the functional capacity only by observing the 
patient walk, and go up and down steps, and by knowing how well the joint withstands the 
demands of an ordinary day’s work. Printed words and tables cannot convey this information ; 
even the moving pictures which accompanied presentation of this article were inadequate 
to demonstrate the satisfaction which 70 per cent. of these patients derived from the 
operation. The estimate of results was based upon the range of movement, stability, 
position of the knee in extension, and the amount of pain which the patient experienced 
with average use of the knee. 
Range of movement—aAn arthroplasty of the knee is most efficient and durable if the 
range of movement gained is between 70 and 90 degrees (from 180 degrees to between 110 
degrees and 90 degrees). Movement beyond 90 degrees may produce instability. Sixty 
degrees gives a good functional joint, except for going up and down stairs. Movement of 
40 to 60 degrees is considered fair; patients with this range can walk without a limp and sit 
in a chair without being conspicuous. If movement is less than 40 degrees, the result is 
regarded as poor. Nevertheless, all patients in this group who failed to obtain the maximum 
range of movement preferred even the limited range to a stiff joint, and none wished to be 
deprived of the mobility which had been gained. Analysis of the sixty-five cases showed 
that the range of movement was 60 degrees or more in half the cases (Table I). 
Stability—Stability is both an anatomical and a functional equation. Good stability is that 
degree which permits ordinary activity. Most patients in this study had a little increase in 
lateral or antero-posterior mobility when the joint was flexed ; but all had good stability in 
extension with the quadriceps contracted. In those who were regarded as having fair stability 
there was some definite abnormal mobility and the joint was incompletely stabilised by 
quadriceps contraction. These patients found it necessary to be careful while walking, but 
gave away,” 


“a 


required no external support. Patients who complained that their knees often 
and those who had such abnormal mobility as to necessitate external support were regarded 
as having poor stability. On this basis it was found that two-thirds of the cases gained 
good stability ; in one-third there was fair or poor stability or reankylosis (Table II). 

Alignment when weight-bearing—The position of the extended knees in weight-bearing 
showed normal alignment in half the cases, some valgus deformity in nearly one-third, and 
varus or recurvatum in a few cases (Table III). 
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Pain—lIt was interesting to observe how few patients had pain. There was often considerable 
grating on active movement of the joint; and such irregularity of the articular surfaces was 
demonstrated, not only on physical but on radiographic examination, that one might well 
have expected movement of the knee to be extremely painful. As shown in Table IV, however, 


pain was no real handicap. 


















































TABLE f TABLE II 
RANGE OF MOVEMENT AFTER STABILITY OF THE KNEE AFTER 
ARTHROPLASTY ARTHROPLASTY 
Cases Cases 
Good (60° or more) . : 36 55-4% Good 44 67:7% 
Fair (60° to 40°) 12 18-:5% Fair 8 123%, 
Poor (40° or less) 9 13-8% Poor : 5 Ya fay 
Reankylosis 8 12:3%, Reankylosis 8 12:3% 
65 100-0°% 65 100-0°% 
TABLE III TABLE IV 
WEIGHT-BEARING ALIGNMENT AFTER eae — : : 
‘ 2 PAIN AFTER ARTHROPLASTY 
\RTHROPLASTY 
Cases Cases 
Straight 32 49-29, None 22 340°, 
hina . = Slight 27 41.4%, 
arus . ; 2 : . 6-0° 
0 NY rate 8 2-3° 
Recurvatum ‘ é Z 3:02 loderate I ° 
> ove rar TT > « 20 
Not included (reankvlosis) 8 12:0% Reankylosis 8 12:3% 
65 100-0°, | 65 100-0°% 
| | 
TABLE V 
RESULTS OF ARTHROPLASTY OF THE KNEE 
Cases 
| Good 29 44-6°, 
| Fair 17 26:2% 
| Poor 6 9-2% 
Failure 13 20-0°,, 
| 65 100-0 





COMPOSITE ESTIMATE OF RESULTS 

Patients who were regarded as having gained a good result had a range of movement of 
60 degrees or more, slight or no pain, adequate stability, and a good weight-bearing position 
of the joint. Those with fair results had from 40 to 60 degrees of movement, with or without 
moderate pain, adequate stability and a good weight-bearing position. The results were 
considered to be poor in patients who had less than 40 degrees of movement, or in whom 
there was instability, or a faulty weight-bearing position of the joint. The operation was 
classified as a failure in those who had recurrence of ankylosis or for whom surgical reankylosis 
was necessary because of instability and pain (two cases). 

It is appreciated that the personal equation of the examiner is an important element 
in final estimation of results. A sincere effort has been made to assess accurately the results 
of the fascial arthroplasties of the knee which we have performed in the sixty-five cases 
considered suitable for the operation. These results are shown in Table V. 
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Case 2. Radiographs twenty-one years after arthroplasty of knee. 





Range of movement from 180 to 100 degrees. 


Fic: 2 


Case 2. Fascial arthroplasty of the left knee for bony ankylosis due to acute 


infective arthritis, followed-up twenty-one years after operation. The 
radiographs are shown above. There is active and passive movement from 
180 to 100 degrees (A, B, C). She carries on with all ordinary physical 


activities including standing at work for eight hours a day and has no 
instability and no pain. 


SUMMARY 
1. Arthroplasty of the knee joint should be performed only in carefully selected cases. 
Criteria for the operation are outlined. 
2. In our experience, 70 per cent. of properly selected patients secure good or fair results. 
An additional 12 per cent., whose anatomical or functional results were classified as poor, 
preferred the movement which had been gained to ankylosis of the joint. 
3. The major functional adaptation of the knee joint takes place during the first five years 
after arthroplasty. Several patients who had a poor range of movement after one or two 
years developed an excellent range by the end of five years. 
4. Instability, when present, usually became apparent within the first five years. 
5. Joints which were still stable at the end of five years usually remained so over a long 
period of time. Four patients have been traced for twenty to twenty-five years, and three 
have been traced for over twenty-five years. 
6. Since the incidence of ankylosis of the knee joint from gonococcal and pyogenic infections 
has been reduced by the use of antibiotics, fewer patients are suitable subjects for arthroplasty. 
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Radiographs fifteen years after arthroplasty of knee. 
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Range of movement from 180 to 90 degrees. 


Fic. 3 
Case 3. Fascial arthroplasty of right knee for fibrous ankylosis due to acute 
infective arthritis, followed-up fifteen years after operation. The radiographs 
are above. There is excellent stability (A, B) and movement from 180 to 90 
degrees (C, D, E). This patient did not secure the maximal range of 
movement until ten years after operation. 


DISCUSSION 
Siy Reginald Watson- Jones (London, England)—I feel sure that the reason I have been invited to discuss 
these papers from two famous clinics—the Campbell clinic, and the clinic of Dr Samson in Montreal—must 
be that I am known to be a staunch exponent of arthrodesis rather than arthroplasty of the weight-bearing 
joints. It is all very well for a patient who has been subjected to arthroplasty to sit in a chair and 
demonstrate movement—but can he walk ten miles; and can he jump from a five-barred gate? These 
are the criteria which I demand; and no doubt it was thought wise that discussion should be sought from 
an unbeliever. I would admit at once that whereas complete success in arthrodesis of the ankle joint 
depends on free mobility of the subastragaloid and mid-tarsal joints; and whereas success in arthrodesis 
of the hip joint demands free mobility of the pelvis, and of the opposite hip, so that the arthrodesed joint 
does not appear to be stiff at all; arthrodesis of the knee joint causes obvious stiffening which cannot be 
concealed. No neighbouring joint is available to take over function, and the disability is indeed very great. 
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I have known patients to say that they would prefer amputation and an artificial limb to complete stiffness of 
the knee joint. If there ever was indication for arthroplasty of a weight-bearing joint it would be in the knee. 

Unfortunately, however, the problem of arthroplasty of the knee joint is infinitely greater than that 
of arthroplasty of the hip. When the purpose of a mobilising operation is to gain movement in every 
direction, as in the case of the ball-and-socket joint of the hip, it can be secured with relative certainty 
by ruthless excision of bone, burning of raw surfaces, and interposition of a metal cap of rounded shape. 
But when the purpose of operation is to secure free movement in one direction, and perfect stability in 
the other, the problem is entirely different. It must be acknowledged that success in operative mobilisation 
of the hip joint—limited as it may be—has not yet been equalled, or even approached, by operative 
procedures which hope to achieve stable mobilisation of the knee joint. 

The careful studies of Dr Boyd, Dr Speed, Dr Trout, and Dr Samson must lead us to one conclusion. 
Even in the hands of these great experts, and even in carefully selected cases—selected not only by reason 
of the type of ankylosis, and the ability of the patient to co-operate in difficult and painful after-treatment, 
but also by reason of the limited activities which the patient proposes to pursue—no more than about 
50 per cent. of cases are successful. There can be no doubt that this procedure is still in an experimental 
stage. It is most important that the pioneer work of the Campbell clinic should continue; and we hope 
that Dr Samson’s results will be recorded in even more accurate detail. But when it is recognised that 
after careful selection, and in the hands of experts, success is to be expected in no more than about half 
the cases, is it not wise for those of us who are less expert and less experienced to hesitate ? 

My own practice has been to reserve arthroplasty of the knee joint for patients with multiple ankyloses 

ankylosis of both knee joints, and ankylosis of the knee and hip joints of the same limb. I am quite 
prepared to believe that some day the pioneers will prove a much wider application than this; but 
meanwhile, conservatism may be justified. We know the limitation of arthrodesis; but at the same time 
we are sure of its success; and it is not every patient who is prepared to accept the pain of operation, and 
the discomfort of after-treatment, without some definite promise of the end-result which is to be achieved. 
Are we, as yet, in a position to make such promise for arthroplasty of the knee joint ? 

Dy Joseph Freiberg (Cincinnati, Ohio)—I wish to show the records of a patient, fifteen years after 
arthroplasty of the knee for ankylosis due to acute infective arthritis after compound fractures of the upper 
third of the tibia, associated with extensive thrombo-phlebitis of the limb. In 1933, an arthroplasty of 
the Campbell type, which I have long preferred, was performed. This man is now forty-one years old 
and he is still playing tennis. There is 80 degrees of painless, stable movement. He is more than 
enthusiastic about his knee joint. The excellence of the result is shown in these slides. I have a number 
of other good arthroplasties of the knee, but this particular case is presented in order to show that when 
carefully done, and in well-selected cases, the operation is well worth while. 

Dy Mather Cleveland (New York)—We are impressed with the “‘ movies ’’ which have been assembled 
by Dr Speed; they show beautiful end-results. Dr Samson’s end-results, too, are impressive. But when 
you consider that Dr Speed is reporting no more than one-third of all knee joints in which arthroplasty 
has been attempted, discarding two-thirds for various reasons; and that less than 50 per cent. of those 
which are reported have yielded good, or better, results; I believe that we must pause for a word of caution. 
This operation may be a booby-trap for the unwary surgeon. Having served as consultant in the Armed 
Forces, and having all too often observed the enthusiasm with which a young man may be led into trouble 
by the written word, I believe that it would be wise for Dr Speed and Dr Samson to stress the difficulties, 
and perhaps talk more about the possibilities of failure than about the beautiful results which are all too 
infrequent. I hope that both these authors will indicate the pitfalls, and the dangers which are inherent 
in these surgical procedures, as well as the advantages which may be gained when there is satisfying 
success. Perhaps at another time they will show us moving pictures of one or two of their failures. 

Dr Harold Boyd (Memphis, Tennessee, for Dr Speed)—I am sorry that the absence of Dr Speed in 
Hawaii has made it impossible for him to reply in person. Sir Reginald does not favour arthroplasty of 
the knee joint because patients are not able to run ten or twelve miles and jump from five-barred gates. 
But we must not ask too much of arthroplasty; many of us, who think that we are normal, cannot perform 
such feats; and it is not the purpose of this operation to improve the athletic abilities of the patient. It 
is true that arthrodesis of the knee joint is better suited to many cases than arthroplasty—and indeed 
we perform arthrodesis more often than arthroplasty—but this does not imply that in properly selected 
cases arthroplasty does not have its place. Stability is important, and we respect it in our British friends, 
but in this country we may perhaps be allowed to think that stability alone is not enough. 

Significant points were discussed by Dr Bennett, Dr Cleveland, and Dr Freiberg. May I say that it 
was not the purpose of this contribution to dissuade surgeons from arthrodesis of the knee joint in favour 
of arthroplasty? The problem was presented to this Association in former years by Dr Campbell, and it 
was believed that the findings of late follow-up study should be recorded. We have no doubt that in 
properly selected cases the operation has a definite place in orthopaedic surgery, and that these suitable 
cases are entitled to the benefits which can be derived from the procedure. 
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INTRATHORACIC DISLOCATION OF THE HUMERUS 


EsMoND F. West, ADELAIDE, AUSTRALIA 


Irom the Orthopaedic Department of the Royal Adelaide Hospital 


The patient was a Chinese man aged twenty-seven years; he was a carpenter employed 
in boat-building. At the time of the accident, in September 1945, he was using a brace and 
bit and standing on a plank at the side of a boat, which was on an elevated stage. The 
plank gave way and he fell to the ground, a distance of approximately twenty feet. His 
outstretched right arm struck another plank as he fell, and he then fell on to the outstretched 
limb. There were no other injuries'except to the right shoulder. The medical attendant who 
was called found that the limb was projecting horizontally from the body and the patient 





Fic. 1 


Intrathoracic dislocation of the humerus. The surgical neck of the humerus was gripped between 
the third and fourth ribs. When it was pulled out of the chest cavity, the sensation was that of 
extracting a large cork from a bottle. 


resented any movement. He was admitted to hospital four hours later. There was obvious 
prominence of the acromion process and downward displacement of the head of the humerus. 
Surgical emphysema was present over the whole of the anterior chest wall. No nerve lesion 
could be detected. Radiographs showed that the head of the humerus was displaced from 
the glenoid cavity and lay inside the thoracic cavity, the surgical neck being gripped between 
the third and fourth ribs (Fig. 1). A large fragment had been avulsed from the greater 
tuberosity and remained approximately in its normal position. 
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Horizontal traction was made on the limb under general anaesthesia. The head of the 
humerus was felt to slip out of the chest cavity; the sensation was similar to that of extracting 
a large cork from a bottle. When the limb was brought to the side the head of the humerus 
returned to the subcoracoid position and was quite easily replaced in the glenoid cavity by 
Kocher’s method (Fig. 2). The limb was bandaged to the side for four weeks, after which it 
was gradually brought up into abduction. Active movements were encouraged and the final 
result was satisfactory. A full range of rotation was regained, but abduction was limited to 
a little beyond the horizontal on account of displacement of the fragment of the greater 
tuberosity. He returned to work as a carpenter six months after the date of injury. 





Fic. 2 


After applying traction, the limb was brought to the side. The head of 
the humerus returned to the subcoracoid position and was replaced 
easily in the glenoid by Kocher’s method. 


A search of the literature has failed to reveal any record of a similar displacement of the 
humeral head in cases of «’slocation of the shoulder joint. It is believed that in forcibly 
striking the outstretched limb against an object, while falling vertically, violent abduction 
forced the humeral head through the lowest and weakest part of the capsule to the level of 
the third and fourth rib interspace, and that in falling on the outstretched hand he then 
drove the head of the humerus between the ribs into the thoracic cavity. The pleura was 
injured—as evidenced by the surgical emphysema. The greater tuberosity was doubtless 
avulsed by the supraspinatus tendon. One of the remarkable features of the case was the 
absence of nerve injury. It was also surprising that the dislocation was reduced so easily. 
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PREMATURE EPIPHYSIAL FUSION AT THE KNEE JOINT 
IN TUBERCULOUS DISEASE OF THE HIP 


W. PARKE, G. S. CoLvin, and A. H. G. ALMonp, LIVERPOOL, ENGLAND 


The treatment of tuberculous disease of the hip in children has not yet reached the 
stage when useful recovery of joint function is a frequent end-result. Brackett (1924) urged 
that the first objective should be the provision of a permanently safe and useful limb; 
and in girls, we would add, a graceful one. These standards are not achieved, even with 
quiescent disease and a soundly ankylosed joint, if there has been arrest of limb growth at 
an early age. As long ago as 1899 Sir Robert Jones estimated the frequency of this 
complication to be in the region of 15 per cent.; but it was not until 1944 that Gill showed 
that it was caused by premature epiphysial fusion at the knee joint and drew further 
attention to the severity of the disability. 

This review was undertaken to determine the present incidence of premature epiphysial 
fusion in children who had been treated for tuberculous disease of the hip by prolonged 
conservative measures; and to study the relationship of this complication to the disease, the 
changes which precede and accompany premature fusion, and the possibilities of earlier 
recognition and preveftion. 

The patients were treated at four hospitals in the Liverpool area: Alder Hey Children’s 
Hospital; Liverpool Open-Air Hospital; Royal Liverpool Children’s Hospital; and 
Wrightington Hospital. The study included all patients with tuberculous disease of the hip 
joint who were in-patients of these hospitals during 1947, except those in whom the disease 
first began after the age of fifteen years. There were ninety-one diseased hips in ninety 
patients—forty-two right, forty-nine left ; forty-seven male, forty-four female; with a duration 
of disease varying from four months to twenty-two years. In addition to general study of 
the clinical and radiographic findings the examination included individual mensuration of 
the long bones, and X-ray films of both hips, both knees, and both ankles. 


CLINICAL EVIDENCE OF PREMATURE FUSION 

The later stages of premature epiphysial fusion, so well described by Gill (1944) 
Kestler (1947), and Ross (1948), are recognised easily by deformity at the knee and measur- 
able shortening. We were unable to discover any reliable clinical sign of early fusion in 
limbs with equal bone length and without deformity. There were, however, definite clinical 
signs of osteoporosis which, as will be seen later, is considered to be a necessary forerunner 
of premature fusion. Knees which have been immobilised for one year or more show well- 
marked tenderness of the bones to pressure—tenderness which bears a direct relationship 
to the degree of osteoporosis. In one case, with moderate pressure, it was possible to indent 
the cortical bone over the lateral condyle of the femur; release of pressure resulted in recoil 
as would an old ping-pong ball. These signs are evidence of no more than osteoporosis 
which may not yet be associated with premature fusion. Conversely, bones which show 
indisputable evidence of premature fusion are not always tender; in such cases radiographic 
examination shows that reformation of bone has occurred with dense and _ irregular 
trabeculation. Circumferential.limb measurements were found to be of no diagnostic value. 


RADIOGRAPHIC EVIDENCE OF EARLY PREMATURE FUSION 
The complication is always preceded by intense porosis of the bones at the knee. The 
earliest stage is shown by flame-shaped areas of increased translucency in the diaphyses and 
epiphyses, with their apices at the points of entry of the nutrient arteries and their bases 
on the articular cartilage (Fig. 1). With further resorption of bone there is marked loss of 
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Case 80. Disease of the right hip joint, showing osteoporotic and toxaemic 
changes in the region of the right knee. ; 
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Fic. 2A Fic. 2B 


Case 43. Disease of the left hip joint, showing central areas of resorption in the lower 
femoral and upper tibial epiphyses of the left knee. 
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PREMATURE EPIPHYSIAL FUSION AT KNEE JOINT IN TUBERCULOUS DISEASE OF HIP 








transverse trabeculation. This is more evident in the diaphyses some distance from the 
epiphysial lines where the medullary bone takes on a frosted glass or irregular honeycomb 
appearance. There is also thinning of the cortical bone. At this stage it is often found that 
the circumferential size of the bones on the affected side is smaller, and the vertical depth 
4 of the epiphysial plates reduced. On the normal side the bones show less marked porosis, 
and their size and the depth of the epiphysial plates remain unchanged (Fig. 1). 

























The apparent solution of transverse trabeculation brings into focus the finer points of 
the longitudinal trabecular architecture of the epiphyses. In the tibial epiphysis this consists 
‘ of oblique cancellous struts which pass from the near-central area of the terminal bone plate 
E to the articular cartilage of the opposite condyle, with an infero-medial decussation. Laterally 
% they are less oblique, do not cross, and pass almost vertically to the condyle of the same side. 
4 In the lateral view the struts are situated behind the centre; they pass upwards and forwards 





Fic. 3 


Case 25. Disease of the hip joint, showing the first stages of a bulge into 
the area of resorption in the tibial epiphysis. 


to the articular cartilage and are continuous with similarly arranged struts in the diaphysis. 
The femoral epiphysis is strengthened by two bars which pass vertically downwards from the 
terminal bone plate to the articular cartilage of each condyle, which likewise are stronger 
posteriorly and continuous with similarly arranged struts in the diaphyses (Fig. 4). Increasing 
osteoporosis gives rise to resorption of the longitudinal trabeculation in the weakest places, 
with the formation of completely translucent areas in the epiphyses and occasionally in the 
diaphyses (Fig. 2). Their appearance heralds the approach of premature fusion. Subsequent 
changes at the femoral and tibial epiphysial lines are not identical and will be described 
separately. 

“¢ Bulge type’ of fusion—lIn the tibial epiphysis, a central translucent area appears to the 
inner side of the mid-line above the point of strut decussation, and enlarges upwards towards 
the articular cartilage and downwards towards the terminal bone plate (Fig. 3). The terminal 
bone plate, the thinned cartilaginous plate, and the growth retardation line, together with 
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Case 77. Disease of the left hip joint with an unruptured bulge into the left upper tibial epiphysis. 
On the right side it is seen that longitudinal trabecular architecture is prominent. 





Fic. 5a Fic. 5B 


Case 84. Disease of the right hip joint with an unruptured bulge into the right upper tibial epiphysis 
of more than five years’ duration; there is negligible interference with growth. 
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the medullary contents of the shaft, then bulge upwards into this translucent area (Fig. 4). 
This may be termed the pre-fusion stage because premature fusion, though likely to follow, 
is not inevitable. A tibial bulge which must have been present for more than five years is 
shown in Fig. 5; the epiphysial line is grossly distorted but the translucent cartilaginous 
plate can still be traced over the bulge, and there is no marked interference with growth. 
Premature fusion is inevitable when the limiting structures of the bulge rupture, and 
turn up like a flap into the translucent area in the epiphysis (Fig. 6). This allows the semi- 





Fic. 6A 1G. 6B 


Case 38. Disease of the right hip joint showing a bulge into the right upper tibial epiphysis with 
rupture; and fragmentary fusion of the right lower femoral epiphysis. 


fluid medullary contents of epiphysis and diaphysis to intermingle and establish a channel 
through which the blood supply of both can become continuous, now that the barrier of 
avascular cartilage has been removed. The laying down of bone trabeculae through this 
channel is not seen until a later date. 

‘¢Fragmentary type ”’ of fusion—This type of fusion occurs more frequently in the femur, 
and is preceded by the same intense osteoporosis. Translucent areas appear, centrally in the 
diaphysis of the femur, and both subcortically and centrally in the epiphysis. Subcortical 
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resorption occurs on the peripheral aspect of the vertical cancellous struts and does not abut 
to any extent on the terminal bone plate. The central translucent areas, both in epiphysis 
and diaphysis, are situated between the two cancellous struts and are larger, but less defined, 
than in the tibia. Premature fusion is indicated by the appearance of many small isolated 
fragments of calcific material replacing the crenated line of the terminal bone plate which 
normally is well defined and continuous. The thinned epiphysial cartilage plate disappears 
altogether in the area affected, and irregular linear shadows may be seen in the diaphysis 
(Fig. 6). In some cases there was difficulty in making certain that the cartilaginous plate 
was in fact obliterated, and that a false appearance was not being created by overlapping 
shadows. Oblique films were sometimes helpful but, where the evidence was still uncertain, 
repeated radiographic examination was made of the epiphysial lines. In securing early 
evidence of fusion, this was more valuable than radiographic estimations of bone length. 


TABLE I 


FREQUENCY AND TYPE OF PREMATURE EPIPHYSIAL FUSION AT THE IPSILATERAL KNEE IN 
91 Hips witH TUBERCULOSIS IN 29 CASES FROM A TOTAL OF 91 TUBERCULOUS HIP JOINTS 





TIBIA FEMUR 
Bones involved | 
Alone 12 With femur 14 Alone 3 | With tibia 14 
| 
Total frequency 26 17 
| 
| a | | | | | 
| Central Lateral Antero-lateral Lateral 
Site and type of 2 (B) 3 (F) 2 (F) | 1 (F) 
change | | Central 
| z (IF) 
B= Bulge | Antero-medial | 
F = Fragmentary | 2 (B) Postero-central 
| 14 (F) 
Postero-medial 
17 (B) 











ANALYSIS OF PREMATURE EPIPHYSIAL FUSIONS 


In this series of ninety-one tuberculous hip joints there were twenty-nine cases of 
premature fusion at the ipsilateral knee: fifteen right, fourteen left; fifteen male, and fourteen 
female. They have been divided into three groups according to the duration of epiphysial 
fusion: 1) date fusions—tifteen cases, all with radiographic evidence of a bone lock between 
epiphysis and diaphysis; 2) early fusions—eight cases, with ruptured bulges or fragmentary 
changes without evidence of a bone lock; in this group there was no deformity and no 
shortening; 3) doubtful fusions—six cases, with unruptured bulges or fragmentary changes 
in which evidence of destruction of the cartilaginous plate was uncertain (these have since 
been followed up for a year and all have fused). 

Table I shows the frequency, type, and site of premature fusion. The tibial epiphysis 
was involved in twenty-six patients, and the femoral epiphysis in seventeen. Both bones 
were affected in fourteen cases, the tibia alone in twelve, and the femur alone in three. The 
bulge type of fusion was responsible for twenty-one out of twenty-six tibial fusions. The 
site of the original bulge was always postero-medial but, as it enlarged, extension took place 
anteriorly and laterally. Fragmentary types made up the remainder of the tibial fusions 
and they were confined to the antero-lateral or lateral portions of the epiphysial plate. Only 
the fragmentary type was seen in the femur. The change occurred postero-centrally or 
centrally in sixteen out of seventeen cases, and in the lateral half of the plate in the remaining 
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case. In all, there were six patients with changes limited to the lateral half of the cartilaginous 
plates, but in no case in the series was the medial half affected alone. 

With one exception, the femoral and tibial epiphyses in the normal limb did not show 
evidence of premature fusion; neither did the epiphyses at the ankle, or at the upper end of 
the fibula, even on the diseased side. 

Relation of the duration of hip disease to premature fusion—In Table II the cases 
are classified according to the duration of hip disease. Of twenty-seven patients with disease 
of less than two years’ duration, not one had either positive or doubtful evidence of premature 
fusion. There were thirty-six cases with a history of three to five years of disease and, with 
one exception, this group included all the examples of doubtful and early fusion. Of the 
twenty-one cases with disease lasting from six to ten years, there were nine with evidence of late 
. epiphysial fusion and no examples of early or doubtful fusion. Every one of the seven cases 


TABLE II 


INCIDENCE OF PREMATURE EPIPHYSIAL FUSION COMPARED WITH DURATION OF Hip DISEASE 








Premature fusions | 
; pgs Number of 
Duration of hip disease d 
cases 
Doubtful Early Late 
First year of disease 7 
Second year of disease ‘ : : 20 
Third year of disease . ‘ ‘ , 15 4 3 
Fourth year of disease i ‘ : 9 2 
Fifth year of disease . ; : ‘ 12 ys 2 
Sixth to tenth year of disease . . yt | 4 } 
Eleventh to twentieth year of disease 6 1 5 
Over twentieth year of disease ; 1 - 1 | 
: | 
} 
Total .. ‘ ; ‘ ‘ : : 91 6 8 15 | 





with a history of more than ten years showed premature fusion, six late and one early; the 
one case with early evidence of epiphysial change was an example of remission of hip disease 
after six years of complete freedom. It would seem that premature fusion does not occur 
during the first two years of the disease, and that early fusion develops some time between 
the third and fifth years. 

Relationship of the age of the patient to premature fusion—The liability to premature 
fusion is not influenced by the age of the patient at the time of onset of hip disease. Every 
age group, up to thirteen years, was similarly affected. 

Relationship of the severity of hip disease to premature fusion—In attempting to 
determine whether or not premature fusion was related to the severity of disease, the cases 
were classified into four groups: 1) typical disease, with early and marked destruction of the 
femoral head, acetabulum, or both; 2) low grade infection, without much bone destruction, 
but with recurrences and exacerbations; 3) extra-articular bone infection, with no evidence 
of joint involvement; 4) synovial tuberculosis with persistent osteoporosis. In Table III 
the incidence of premature fusion in the different types of disease is analysed, and it is evident 
that there is a close relationship with the severity. It occurs least frequently in extra-articular 
and synovial tuberculosis, and most frequently when there is typical disease with marked 
destruction of bone, especially when complicated by persistent sinus formation. 
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Fic. 7 
Case 19. Disease of the left hip joint. A fracture was sustained through the lower third 
of the shaft of the femur. Radiographs taken at the time of fracture show that there was 
already a ruptured bulge in the upper tibial epiphysis. 





Fic. 8a Fic, 8B 


Case 19. One year later (Fig. 8a) there is evidence of ‘‘ Boxing’’ and late fusion of the 

upper tibial epiphysis. Seven years later (Fig. 8B) is seen the typical result of premature 

fusion at the common site in the tibia. There is little or no interference with growth 
in the tibia. 
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DISCUSSION 

In this series of ninety-one tuberculous hip joints there were twenty-nine cases of 
premature epiphysial fusion at the knee. Reports from the United States of America include 
a series of one hundred and fifty tuberculous hip joints with ten premature fusions (Gill 1947), 
and ninety-two tuberculous hip joints with nine premature fusions (Ross 1948). From the 
series we have studied it would appear that the complication has occurred much less 
frequently in the United States than in this country, which may perhaps be due to the trend 
in contemporary American practice towards earlier operative interference by which to 
shorten the duration of treatment (McCarroll and Heath 1947, Pease 1947). 

The bulge type of fusion, which occurs so often in the upper end of the tibia, is clearly 
due to rupture of the thinned cartilage plate, consequent upon local resorption of its 
cancellous support, as suggested by Gill (1944). The central fragmentary type, seen only 
in the femur, can be explained similarly; the only difference from the tibial bulge is that a 
more widely unsupported area of cartilage is subjected to resorption on both aspects. In the 
small number of fragmentary types, confined to the antero-lateral regions of the plates, constant 
compression appears to be the etiological factor because such fusions were not caused by 
resorption of cancellous support, and no corresponding involvement of the medial halves was 
observed. 

TABLE III 


TYPE AND SEVERITY OF Hip DISEASE AND ITS RELATIONSHIP TO PREMATURE EPIPHYSIAL FUSION 





91 hips in the 64 cases of more 29 cases of premature | 
series than 2 years’ duration epiphysial fusion 

Typical ‘ ? ‘ : (57) 63% (43) 67% (23) 79% 
Low grade 22) 24% (15) 23% (4) 13% 
| 
Extra-articular . ; ; (4) 4% (3) 5% Gi) 3% | 
Synovial ; ‘ ‘ ‘ (8) ry A (3) 3% (bv) oo% | 
Abscess , . : (13) 14% (13) 20% (6) 20% | 

Abscess and sinus (22) 24°, (18) 28%, (11) 38% 








Ross (1948) has shown that early disparity in the circumferential size of the bones 
of the two lower limbs is due to suppression of osteogenesis on the diseased side. The probable 
cause of this suppression is a permeation of toxins from the infection at the hip. The possibility 
that it is a reflex phenomenon, as suggested by John Hunter (1776) and elaborated by Vulpian 
(1866), cannot be dismissed; but the hypothesis of Kestler (1947), and the suggestion that 
there is tuberculous infiltration of the bones, are both untenable. Resorption, however, was a 
constant feature in both limbs, although always more advanced on the diseased side. 
Associated with it, changes in the cellular marrow lead to increased fluidity of the marrow 
contents—the “‘ adipose osteoporosis ”’ described by Cornil and Ranvier (1887). The more 
prolonged, the more continuous, and the more efficient the immobilisation, the greater were 
the changes produced. In one case, in which both lower limbs were immobilised continuously 
for five years, there was premature fusion of both tibial and femoral epiphyses in the affected 
limb and also of the tibial epiphysis of the normal limb (Fig. 9). 

The effect of immobilisation in causing soft tissue atrophy has long been known. The 
pathology was discussed fully by Brackett (1891), who showed that patients with hip disease 
in whom movement had been permitted developed atrophy of the thigh-volume amounting 
to 1 per cent., and of the leg-volume to less than 1 per cent.; whereas patients treated by 
complete and rigid fixation developed atrophy of no less than 37 per cent. in the thigh, and 
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17 per cent. in the leg. Bone, when immobilised for long periods and deprived of physiological 
stimuli, reacts in the same way as the softer tissues—a reaction which conforms with the 
laws of Wolff (1892). The more advanced resorptive changes occurring at the knee on the 
diseased side are caused by a combination of toxaemia and immobilisation. 

The fundamental factors responsible for the bone changes causing premature epiphysial 
fusion are toxaemia from the infection at the hip, prolonged immobilisation, and the duration 
of action of either of these factors. It must be emphasized that no matter how severe the 
infection at the hip, premature fusion was never observed during the first two years of the 
disease. 





Fic. 9a lic. 9B 


Case 17. Patient with disease of the right hip joint in whom both lower limbs had been 

immobilised for five years. There is premature fusion of both lower femoral and upper tibial 

epiphyses on the right side and of the upper tibial epiphysis on the left. Fusion took place 
between the ages of thirteen and sixteen years. 


It is clear that injury, in quiescent disease, plays little or no part in the etiology of 
premature epiphysial fusion. Fusion occurred in seven early cases while the limbs were still 
immobilised, and before weight-bearing had begun. Of the five cases of premature fusion in 
which a pathological fracture occurred during early weight-bearing, four showed clear evidence 
that fusion had begun even before the fracture was sustained (Fig. 7); and in the fifth there 
was no immediate change in the epiphysial lines, or in the rate of fusion as compared with 
cases in which there had been no injury. The injury of operative intervention might at first 
appear to have increased the incidence of epiphysial fusion, because the complication occurred 
in ten of fourteen cases treated by extra-articular arthrodesis, and in five of six cases treated 
by late corrective osteotomy. But in all these cases it was clearly established that the onset 
preceded the operation. The time of onset of fusion corresponds with the later active phase 
of the disease. The only examples of premature fusion in which the factor of injury could 
not be excluded were those with adduction deformity of the hip joint treated by prolonged 
traction, especially when there was also knock-knee deformity. It was in these cases that 
premature fusion was limited to the lateral regions of one or other epiphysial plates. 

The fact that in this considerable series of cases of premature fusion of the upper tibial 
and lower femoral epiphysis there has been no single example of premature fusion of the upper 
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fibular epiphysis, and that no such fusion has been reported in the literature, is remarkable. 
It is unimportant that the fibula is not a weight-bearing bone, because, as we have seen, the 
complication occurs in the tibia and femur when there has been no weight-bearing. The 
immunity may perhaps be due to late appearance of the ossific nucleus of the fibular head, 
retarded still further by disease at the hip; or to the fact that the surface area of the epiphysial 
plate is so small, and the shaft so slender, that such loss of trabecular support as does occur 
is insufficient to weaken this area of cartilage to the point of rupture. 


CONCLUSIONS 


1. In tuberculous disease of the hip, premature epiphysial fusion at the knee joint is due 
to rupture of the epiphysial cartilaginous plates consequent upon resorption of cancellous 
support and suppression of osteogenesis. 

2. In the tibia, premature fusion is usually preceded by near-central “ bulging ”’ of the 
metaphysial and tibial marrow through the epiphysial plate. In the femur, epiphysial changes 
preceding fusion are of a fragmentary type. 

3. Injury, in quiescent disease, plays little or no part in the causation of premature 
epiphysial fusion. 

4. The factors which are responsible for these changes—local toxaemia and prolonged 
immobilisation—must exist for not less than two years. 

5. In cases which are treated conservatively for long periods the incidence of premature 
fusion, with serious shortening of the limb, is so high that the wisdom of such treatment 
must be reconsidered. 

We express our sincere thanks to Dr J. Dobson, Dr J. K. Cameron, and Dr J. Crosbie who accorded us 
all the facilities of their hospitals, and gave us much help and encouragement. We would also express 
our gratitude to the orthopaedic surgeons of Liverpool who gave access to their cases so willingly; and to 
the radiographers, ward sisters, and nurses to whom our visits meant so much extra work. 


REFERENCES 


BrACKETT, E. G. (1891): Transactions of the American Orthopedic Association, 4, 61. 

BRACKETT, E. G. (1924): Journal of Bone and Joint Surgery, 6, 832. 

Bum, A. (1905): Wiener Medizinische Presse, 46, 121. 

Bum, A. (1906): Wiener Medizinische Presse, 47, 2609. 

CorniL and RANVIER, quoted by JoNgEs, T. (1887): Diseases of Bones. London: Smith, Elder & Co. 
FAIRBANK, H. A. T. (1927-28): British Journal of Surgery, 15, 138. 

GILL, G. G. (1944): Journal of Bone and Joint Surgery, 26, 272. 

GILL, G. G. (1947): Journal of Bone and Joint Surgery, 29, 905. 

GREEN, W. T., and ANDERSON, M. (1947): Journal of Bone and Joint Surgery, 29, 659. 

HUNTER, JOHN (1776): M.S. Lectures on Surgery. 

Jones, RoBertT (1899): On the prevention of short leg in hip disease. John Bale, Sons, Danielson, Ltd. 
KESTLER, OTTo C. (1947): Journal of Bone and Joint Surgery, 29, 788. 

McCarro i, H. R., and Heatu, R. D. (1947): Journal of Bone and Joint Surgery, 29, 889. 

ParRK, ROSWELL (1891): Transactions of the American Orthopedic Association, 4, 95. 

Pease, C. N. (1947): Journal of Bone and Joint Surgery, 29, 874. 

Reipy, J. A., LInGLey, J. R., GALL, E. A., and Barr, J.S. (1947): Journal of Bone and Joint Surgery, 29, 853. 
Ross, D. (1948): Journal of Bone and Joint Surgery, 30 A, 103. 

VuLPIAN, A. (1866): Lecons sur la physiologie générale et comparée du syst¢me nerveux faites au Museum 
d’histoire naturelle. Paris: Germer-Bailliére. 

WILKINSON, M. C. (1947): Lancet, 1, 831. 

Wo irr, J. (1892): Das Gesetz der Transformation der Knochen. Berlin: A. Hirschwald. 


Wriaut, G. A. (1887): Hip Disease in Childhood. London: Longmans, Green & Co. 






voL. 31 B, no. 1, FEBRUARY 1949 











RETROSTERNAL DISLOCATION OF THE CLAVICLE 
Joun C. KENNEDY, ToRoNTO, CANADA 
From the Division of Orthopaedic Surgery, Toronto General Hospital 


Dislocation of the clavicle, either at the acromial or sternal end, is much less common 
than fracture; and retrosternal dislocation is so unusual that there is little reference to it in 
the literature. Standard text-books on fractures and dislocations ignore the condition 
completely, or dismiss it in a few lines. .The rarity-ef the injury, the typical signs and 
symptoms, and the grave potentialities, have prompted presentation of this case. 

A youth, seventeen years of age, was admitted to the Toronto General Hospital on 
March 18, 1948. Four days before admission he was scuffling with a group of boys and fell 
to the ground. As he lay on his left side, supporting his weight on the left shoulder, another 
boy fell on his right shoulder. He felt a painful buckling sensation at the inner end of the 
left clavicle. The limb was immobilised in a figure-of-eight bandage. During the next three 
days he complained of severe pain in the region of the sterno-clavicular joint, a tight feeling 
in his throat, and difficulty in swallowing. His mother noted that, for the first time in his 
life, he snored when asleep. Physical examination showed discolouration of skin over the 
clavicle with generalised swelling. There was difficulty in palpating the sternal end of the 
bone which is usually so prominent. Attempted abduction of the limb, whether active or 
passive, gave rise to severe pain in the region of the sterno-clavicular joint. Radiographic 
examination confirmed the clinical diagnosis of retrosternal dislocation (Fig. 1). 

The next day, at operation, a transverse incision was made over the medial end of the 

clavicle, crossing the sterno-clavicular joint. Part of the clavicular head of the left sterno- 
mastoid was divided. There was disruption of the joint, haemorrhage into surrounding 
tissues, and tearing of the capsule. The articular disc was still attached to the sternal part 
of the joint. Even under direct vision it was not possible to reduce the dislocation by pulling 
on the abducted limb. The clavicle was therefore grasped with bone forceps and lifted 
forcibly from beneath the sternum into its normal position. A Compere wire was introduced 
into the bone at the junction of the inner and middle thirds, threaded across the sterno- 
clavicular joint into the manubrium sterni, and left protruding at the lateral extremity of 
the incision. Repair was reinforced by fascial sutures passed through drill-holes in the sternum 
and clavicle as described by Bankart (1938). The limb was immobilised in a plaster spica 
for two months, after which time the wire was removed. 
Discussion—The inner end of the clavicle is attached firmly by strong ligaments to the 
sternum and first rib. The capsule, strong in its anterior and posterior distribution, is 
relatively thin in the superior and inferior areas. The oblique plane of the joint almost 
invites dislocation, and it is the strength of the costo-clavicular ligament, anchoring the 
clavicle to the first rib, which protects it. This ligament must necessarily be torn in 
dislocation of the joint. 

Retrosternal dislocation may occur from direct or indirect violence. Examples of both 
types of injury have been recorded. In one case the patient was kicked by a mule. In another 
the injury was a blow on the lateral aspect of the shoulder (Greenlee 1944). In the case 
now reported the injury was due to indirect violence. 

In establishing the diagnosis the history is often of assistance, particularly when, after 
direct or indirect injury to the sterno-clavicular joint, there is local pain and tenderness, 
limitation of abduction of the limb, dysphagia, snoring due to tracheal pressure, and evidence 
on physical examination of loss of the normal prominence of the medial end of the clavicle. 
The diagnosis is confirmed by radiographic examination which should include oblique 
projections, stereograms, and laminograms. 

The potentialities of this dislocation are so great that the rarity of the injury is indeed 
fortunate. Death has been recorded from tracheal laceration. There is also danger of injury 
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o the great vessels of the superior mediastinum with haemothorax—a complication which 
aused the death of a Canadian Army dispatch rider at Njimegan in 1944 (Dewar, F. P., 
versonal communication). The oesophagus and thoracic duct might also be involved. 
Manipulative reduction by traction on the abducted limbs is seldom successful. In the 
ase now reported it was impossible to reduce the dislocation by traction even when the parts 
vere exposed at operation. Moreover, in the few cases in which closed reduction has been 
uccessful, there has usually been redisplacement. The degree of damage to joint capsule 








: oa 

Fic. 1 articular x costoclavicular 
Radiograph taken on admission might at first sight disc *, ligament torn 
appear to show no abnormality, but more close 


scrutiny reveals that the left clavicle is riding at a 
higher and more medial position than the right. 
The inset shows diagrammatically the findings at 
operation, and emphasizes the joint disruption. 


Retrosternal dislocation of 
clavicle 








and extra-articular ligaments is such that reconstructive surgery is usually indicated. 
Sometimes the sternal end of the clavicle has been removed. In other cases it has been fused 
to the sternum. In this case, fascial repair with internal fixation was successful. 
Summary~— Retrosternal dislocation of the clavicle is an unusual, injury. Serious 
complications may arise from damage to the trachea, the great vessels of the mediastinum, 
the oesophagus, and the thoracic duct. Operative reduction and reconstruction of the 
ligaments is the most reliable treatment. 


Acknowledgment is made to Dr R. I. Harris, Associate Professor of Surgery in the University of Toronto, 
and Chief of the Division of Orthopaedic Surgery of the Toronto General Hospital, for his helpful criticism. 
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FRACTURES OF THE PATELLA 
J. C. Scott, OxFoRD, ENGLAND 


Divector of Orthopaedic Services of the Wingfield-Morris Orthopaedic Hespital, Oxford 
Formerly Senior Specialist Royal Airy Force Orthopaedic Service 


The subject of fracture of the patella is one in which new interest has arisen during the 
last ten years because there has been much discussion as to whether or not good function of 
the knee joint is regained after excision of the bone. One school of thought, led by Brooke 
(1937) and supported by Watson-Jones (1945) and others, contends that excision of the 
patella leads to no appreciable weakening and gives a strong joint which is free from symptoms. 
Such protagonists pursue their belief to its logical conclusion by recommending removal of 
the patella for many types of fracture. The other school, which is more conservative and 
of which there are many supporters, believes that complete and accurate reconstruction of 
the patella after injury is likely to give a joint which will work as well as, and wear better 
than, one in which the normal anatomy has been disturbed by removal of a component part. 
The only way to settle this problem is by study of a long-term review of many cases, treated 
by various methods. In this series, 196 fractures of the patella were reviewed from one to 
five years after treatment. The patients had been treated in the orthopaedic service of the 
Royal Air Force, some from the beginning, and others only after initial treatment had been 
carried out elsewhere. The fact that a group of surgeons took part in treatment should 
enhance the value of the analysis by averaging such factors as judgment and technical skill. 

The results have been examined after study of all information available from detailed 
R.A.F. clinical records and other Service sources, and from questionnaires which have been 
sent out. Having regard to the fact that the patients represented many nations, all over the 
world, the response has been good. The aim was to obtain a subjective view, and care was 
taken to make it clear that the investigation was in no way related to Service or Ministry of 
Pensions requirements. 

It is of course obvious that not all fractures of the patella need operation. Many marginal 
and polar fractures, without separation, in which the articular cartilage is undamaged and 
the extension mechanism is intact—a group which accounted for 15 per cent. of the cases in 
this series—require no more than a brief period of protection. Indeed it would be wise to 
classify simple fractures of the patella not in relation to the anatomical type, but in relation 
to the degree of injury to articular cartilage and the damage to the quadriceps expansion. 
For example, a stellate fracture without displacement which is due to direct violence must 
almost certainly be associated with considerable injury to the articular cartilage of both 
patella and femur; whereas a transverse fracture without displacement which is due to 
indirect violence may be associated with little or no damage to the articular surfaces. Many 
surgeons would adopt the same treatment for both these groups of fracture, but clearly 
without good reason. 

The treatment adopted in this series of 196 fractures was: excision of the whole bone, 101; 
excision of part of the bone, 33; open reduction and suture, 18; suture with later excision, 14; 
no operation, 30. These procedures have been investigated in relation to the type of fracture 
(Table I). Some fractures of the upper and lowcr thirds were transverse, but the majority 
were comminuted. Fractures in which the articular surface did not appear to be involved 
are described as ‘‘ polar fractures.’’ Thirty-seven were open fractures; twenty-five being 
treated by excision of the whole bone, six by excision of one fragment, one by suture and 
fixation, and five by no operation. 
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FRACTURES OF THE PATELLA 


ANALYSIS OF IMMEDIATE TREATMENT AND RESULTS 


Since we are concerned primarily with the principles of treatment, all cases in which 

the result was influenced by unexpected complications have, so far as possible, been 
excluded. Such complications will be considered separately. 
Excision for closed fractures—These cases have been divided into those operated upon 
during the first fourteen days, and those operated on later. In the first group the average 
period of post-operative immobilisation was just under four weeks. The average period of 
disability was four months, after which time all but one had full extension movement, and 
flexion movement to 90 degrees: two had full movement. In the second group, which were 
operated on later, the average post-operative immobilisation was four weeks, and the 
average total disability nearly six months. It would appear, therefore, after excluding the 
average pre-operative time, that patients operated on within the first fourteen days required 
one month less for recovery than those operated on after a longer interval. 


TABLE I 
ANALYSIS OF 196 FRACTURES OF THE PATELLA 
Type of Fracture in relation to Operation performed 
(Type not stated in 24 Cases) 





Comminuted Fracture Fracture Transverse Vertical Polar 
fracture upper part lower part fracture fracture fracture 
Excision of bone. z £6 5 26 13 1 0 
Excision one fragment . | 6 14 0 a 5 
Suture and fixation ; 0 1 11 6 0 0 
No operation . ; ; 3 2 3 4 5 13 
50 14 54 23 13 18 











Excision for open fractures—A similar division was made into two groups. In all but two 
cases which were operated upon during the first fourteen days the excision was part 
of primary wound treatment. In these, the average period of post-operative immobilisation 
was three weeks, and the average disability period nearly five months. Eight regained full 
extension movement and 90 degrees or more of flexion movement; four had full movement. 
In the second group of compound fractures of the patella, where the bone was excised later 
than fourteen days, the average period elapsing between injury and excision was fourteen 
weeks. The average duration of post-operative immobilisation was five weeks, and the 
average total disability was eight and a half months. If the pre-operative loss of time is 
subtracted it leaves a disability time of just over five months. In this group, all regained 
full extension movement and 90 degrees or more of flexion movement; one had full movement. 
Excision of one fragment— Analysis of patients in whom one fragment was excised showed 
that the average disability period was nearly four months. All but one regained 90 degrees 
of flexion movement, and four out of seventeen had full movement. Those operated 
on after fourteen 'days showed a closely comparable period of post-operative disability 
(3-7 months as compared with 3-6 months); one had less than 90 degrees flexion movement 
and four out of ten had full movement. 

Suture—Nearly all fractures treated by operative reduction and internal fixation, most of 
them transverse fractures, were operated on within the first fourteen days. The average 
period of post-operative immobilisation was six and a half weeks, and the average post- 
operative disability period five months. All regained full extension movement; and in all 
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but one there was 90 degrees or more of flexion movement; six out of fourteen regained full 
movement. Table II summarises the analysis of post-operative periods of disability and 
immediate results. 

If all patients in the series are grouped together it will be seen that, of those treated by 
operation, twenty-one regained full knee movement after an average period of immobilisation 
of 3-3 weeks and an average disability period of 14-3 weeks; as compared with the average 
immobilisation period in all groups of 4-4 weeks and the average disability period of 17 weeks. 
This gives a rough but fairly comprehensive picture of what can be expected from fractures 
of the patella treated on orthodox lines, assuming that there is no unforeseen complication 


of treatment. 
TABLE II 


ANALYSIS OF 118 FRACTURES OF THE PATELLA 





IN WHICH THERE 


WAS NO UNEXPECTED COMPLICATION OF TREATMENT 





: Average Average 
Number bhetades- ihe 
time of time of s : 
of : ae tie Range of movement 
immobilisa- disability 
cases : . 
tion (post-op. ) 
. , Weeks Moaths 
Excision of closed fractures es a 
Te eee ee ee 1G 3.75 4-0 f More than 90° flexion 15 
"= : . , iey \ Full movement 2 2 
vo 12 4-0 =.() f More than 90° flexion 11 
° ne ° E ; . \ Full movement ; 0 
Excision of open fractures 
eee Fe Pee 10 3.] 4-8 f More than 90° flexion 8 
2c ; « . . . . or mo . 
' \ Full movement ; 4 
—T es 9 = 1) 5.3 f More than 90° flexion 9 
; ( asciniaee’ Wik men ‘ : , is \ Full movement E 1 
y ag cS 
Excision of one fragment 
- an vives More than 90° flexion 16 
| Before 14days . . 17 3-8 3-6 ee 
Full movement : 4 
After 14 davs 10 ao5 3.7 JS More than 90° flexion 9 
; en . : : ; F : \ Full movement : 4 
| 
- i 1 . = re than 90° fle: : 
Suture of fragments 14 655 5-0 J More than 90° flexion 13 
\ Full movement : 6 
Niaapner niin 30) 4.5 9.9 f More than 90° flexion 30 
j sa E ; . F . ‘ ee \ Full movement . 26 











In considering these figures it should be remembered that they are averages and therefore subject to 
variation. Nevertheless, | am advised that, statistically, the variation of disability between patients 
operated on before and after fourteen days appears to be significant. 
COMPLICATIONS DIRECTLY CONNECTED WITH TREATMENT 

Complications directly associated with treatment included wound infection, peroneal 
palsy, thrombo-phlebitis, aseptic necrosis, refracture, and malunion. A certain number of 
cases have been excluded from this analysis by reason of other injuries such as fracture of 
the shaft of the femur of the same limb, fracture of the leg bones, extensive wounds or burns, 
which necessarily modified the treatment. 

Wound infection—In the series of nearly two hundred operations, performed by many 
surgeons, there were nine cases of wound infection. In two, the infection was sufficient to 
cause ankylosis of the joint, one being a compound fracture treated by early excision of the 
wound and of the patella. In the other seven cases, infection outside the joint accounted 
only for delay in healing and slow recovery of function. 

Peroneal palsy—Two patients suffered temporary peroneal palsy. 
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Thrombo-phlebitis—One patient developed severe thrombo-phlebitis with pulmonary 
embolism, and after eight months he had a swollen shiny leg with a range of movement 
from 180 to 120 degrees. 

Aseptic necrosis—Two patients in whom the fracture was fixed by a vitallium screw developed 
aseptic necrosis of the proximal fragment. One of these was treated by excision of the patella 
ind repair of the quadriceps expansion. 

Refracture and malunion—Two patients sustained refracture without displacement. The 
roup of fourteen cases in which suture was followed by excision all showed early or late 
omplications of suture. Four patellae were excised for refracture, from six weeks to twelve 
ionths after suture; five were excised for malunion with patello-femoral osteoarthritis, from 
even months to six years after suture; two were excised early after bad reduction and 
viring; one was excised for vascular changes after screwing; and in two, the reason was 
iot stated. 

RESULTS AS ESTIMATED BY THE PATIENTS 
The form of questionnaire, with analysis of the replies, is shown in Table III. The 

roportion of answers received was highest among those patients whose patellae had been 
‘xcised—amounting to three-quarters of the total; it was lowest among those in whom no 
yperation had been performed. The figures have been reduced to percentages for ease of 
‘omparison. Due caution must of course be exercised in comparing proportions of ninety- 
three patients treated by total or partial excision of the bone, with proportions of only twelve 
patients treated by open reduction, and eleven patients treated without operation. Indeed, 
with totals so small, the last two groups represent the least significant part of the inquiry. 
rhe figures from which definite conclusions can be drawn are the proportions of ninety-three 
giving way,” and wasting, two years or more 


patients who still complained of aching, pain, ‘ 
after excision of part or all the bone. Of seventy-one patients treated by total excision 
of the patella, thirty-five were reviewed more than three years, twenty more than four years, 
ind sixteen more than five years after operation. So far as could be judged there was no 
evidence of improvement or deterioration between the second and the fifth years. The 
conclusion must be accepted, therefore, that after excision of the whole patella, or part of 
the patella, a high proportion of patients complain of persistent aching and discomfort ; and 
many have quite serious disability as represented by difficulty in running, working on ladders, 
and working in confined spaces. It is interesting to note that the number of patients who 
complained of “ giving way ”’ is almost exactly the same as the number who reported that 
there was wasting of the thigh. In most patients who replied to the questions, the range of 
movement was good although many failed to achieve the terminal degrees of flexion movement. 


DISCUSSION 

In this study it is the analysis of replies to the questionnaire which calls for emphasis. 
The immediate results are important; but if these are reasonably satisfactory—and Table II 
shows that they are—it is the long-term results in which we are most interested. When it is 
proposed to remove a fractured patella in a fit young man, it is well to know with some 
certainty how much disability is likely to remain. Table III gives a clear measure of this, 
and it needs no elaboration. It is evident that in most patients the disability is considerable. 
The findings do not bear out some claims which have been made in the past. This does not 
mean that the patella should never be excised; but it does mean that it should be excised 
only after careful deliberation. 

In vertical or marginal fractures, all fractures without displacement, and polar fractures 
where the extensor mechanism is intact, no operative intervention is indicated. At the other 
extreme, only one treatment is indicated for fractures in which the whole bone is 
comminuted and the fragments are separated, and that is excision of the fragments with 
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suture of the extensor apparatus. Other varieties, lying between these extremes, call for mucl: 
more thought. In eccentric fractures, whether transverse or comminuted, where more thai 


half the bone and articular cartilage is intact, the small fragments should be removed and th 


quadriceps expansion or patellar tendon fixed to the main fragment. 


In central transvers: 


fractures, open reduction and internal fixation is probably the best treatment, but only i 


reduction is accurate and fixation adequate. 


Unless it is possible to secure and to maintai! 


anatomical reduction, excision is probably the better treatment. In open fractures the sam: 
principles apply, bearing in mind the primary importance of treatment of the wound. 


TABLE III 
REPLIES RECEIVED FROM 116 PATIENTS TO FOLLOW-UP QUESTIONNAIRE 





All figures are percentages 


fe the knee normal ? 


Doss: it ache? 


Does it pain? 











Does it get stiff ? 





pase it swell? . 


‘Dos it give way? 








Can you fully atradetiten? 








“Is it mirenynt on standing? 





How near is heel to buttock ? 


ie it bmeebed? ? 


Ca an you walk upstairs ‘normally? - 





Cc an you walk downstairs normally ? 











Cun you stand on one leg? 





How far walk without discomfort ? 


Excision 

(71 cases) 

Yes No 
= a a ae 
Ae 
[kc wk e 

716 Hi 24 
-| @ | 
a ae. 

ce ie 84 16 
= og Z = 
| 0” 6” = 16 

| 6”-12”=42 

| 12’-18”=34 

| 187+ = $ 
iv 60 ¥ 40 . 
61 ‘oe 
va ere ee 
| 0 
| 4mile =24 


4-2 miles =39 
2-4 miles = 13 








4 miles+ =24 
Can you run? 50 50 
Some None 
Can you play games ? Ad 56 
Yes No 
Change of job?. 41 59 





Partial 
excision 
(22 cases) 


6”=36 


6”-12”=50 
12”-18”=10 


18”+ 





3 mile 


= 4 


at 


4-2 miles = 8 
5 4 miles = § 


4 miles+ 


77 


= 80 


23 


Some 
52 
Yes 

9 


None 
48 


No 
91 


Reduction and 


. No operation 
fixation pete 











(12 cases) (1 cases) 

Yes No Yes No 

te ve 2S 
o | * me ew 
64 36 ge | 64 
Sn ee ee 
ee Re ee 

2 6 6ss | (9 | hc 
92 8 i 100 i 0 yi 
92 s | 100 | 0 
0”— 6”=50 on ”_ 6”=80 


6”-12”= 0 
12’-18”=50 


6" 12*=20 
12”-18”= 0 








18”+ = 2 18”+ 0 
50 50 ; — s Ol 
58 ; 42 ase 82 : 18 
3 | 8 | sf | 18 
66 | 33 | 100 | 0 
j mile 33 4 mile me 9 
-; 2miles =25 4-2 miles =19 


2-4 miles = 9 
4 miles+ =63 


4 miles = 
4 miles+t =33 


es 3) SES sane a Renn YSU ese oe ee 





33 | 66 91 9 
Some | None Some None 
25 | 75 73 27 
Yes | No ‘Y es No 
55 | 45 0 100 

















The second problem, solution of which may be assisted by the results of this investigation, 


is that of the best post-operative treatment. 


surgeons, showed clearly that there was lack of agreement. 
orthopaedic centres, post-operative immobilisation after excision varied from three to seven 
In cases in which the primary treatment had been carried out elsewhere the period 
varied from a few days in a bandage to three months in plaster. This is an important point, 


weeks. 


Analysis of these cases, treated by many 
In the Royal Air Force 
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}. | because if the period is too long there is much stiffness of the joint and protracted invalidity ; 
i whereas if it is too short, stretching or rupture of the tendon may make it necessary to 

perform another operation for secondary répair or shortening of the tendon. Review of 
, these cases suggests that the best duration of post-operative immobilisation is from three 
: to four weeks, during which time the patient should practise static quadriceps contraction, 
and may be allowed weight-bearing after the tenth day. 


SUMMARY 


> #1. A series of 196 fractures of the patella has been reviewed. 

, 2. The treatment adopted was excision of the whole bone—101; excision of part of the 
bone—33; open reduction and suture—18; suture with later excision—14; no operation—30. 
3. The average time of post-operative disability varied from 3-6 to 5-3 months. The time was 
appreciably less when operation was carried out before the fourteenth day than when it 
was done later. 

| 4. An attempt was made to follow up, two to five years after injury, those patients in 
| | whom the result was not influenced by other major injuries of the limbs or by unexpected 

complications. Replies to questionnaires were received from 116 patients. 

5. Of these, all regained a good range of movement, varying from 90 degrees of flexion 
© to full movement, whether treatment was by excision of part or all the bone, or by open 
reduction and suture. 

6. The late results of excision of the patella, as estimated by the patients themselves two 
| to five years after treatment, showed that there was considerable residual disability. 

7. After total excision of the bone only 5 per cent. of patients considered that the knee 
» was normal; 90 per cent. complained of aching; 60 per cent. complained of “ giving way.” 
_ After excision of one fragment, about half the patients regarded the knee as normal and 
> half complained of aching and stiffness. 

> 8. The number of fractures in this series treated by accurate internal fixation was too small 
| to make justifiable comparisons. 

9. The indications for non-operative treatment, open reduction and accurate internal 








| fixation, excision of one fragment, and excision of the whole bone are discussed. 

- 10. Excision of part or all the patella is often inevitable, but some claims made in the past 
» «= for the results of this operation are not substantiated. 
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Editor’s comment—It is fair to say that this stimulating and provocative contribution has been published 
only after much discussion and some disagreement. Every article which is published in the Journal of 
Bone and Joint Surgery is subjected to close scrutiny and severe criticism, and this article has received 
its full share. The divergent views of members of the Editorial Board may perhaps best be summarised 
in relation to the sixth paragraph of the Summary, in which it is stated that “the late results of excision 
cf the patella . . . showed that there was considerable disability.” The question that arises is whether 
such disability was attributable to excision of the bone, or whether it was the inevitable consequence of 
the original injury. Are we sure that after:such injury the residual disability would have been less if the 
patella had been sutured and not excised ? 


‘ 
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ARTERIAL SUPPLY TO THE FEMORAL HEAD AND ITS 
CLINICAL IMPORTANCE 


F. R. Tucker, LIVERPOOL, ENGLAND 
Research Assistant in the Department of Orthopaedic Surgery, University of Liverpool 


Avascular necrosis of the femoral head is most often seen after fracture of the neck of 
the femur but it may also be due to slipping of the upper femoral epiphysis, reduction of 
congenital dislocation of the hip joint, and pyogenic or tuberculous infections of the femoral 
neck: it is the pathological basis of Perthes’ disease. In understanding these problems, 
accurate knowledge of the arterial supply to the head of the femur is essential. The relative 
literature is voluminous but contradictory, and this study is presented in an attempt to 
clarify the subject. 

The precarious state of the circulation in the femoral head has been known for many 
years. Astley Cooper (1822) knew of the blood supply from vessels which passed along the 
neck, and from small subsidiary vessels in the ligamentum teres. In his day, intracapsular 
fractures invariably failed to unite unless they were impacted. He claimed that the principal 
reason for this failure was the “‘ absence of ossific action in the head of the thigh bone when 
separated from its cervix, its life then being supported solely by the ligamentum teres.” 
Non-union was the dominant problem and inadequacy of blood supply to the femoral head 
was important only in so far as it affected union of a fracture. Astley Cooper did not 
distinguish between femoral heads which had some residual blood supply and those which 
were entirely avascular and necrotic. 

With improved methods of immobilisation, union is now achieved in the majority of 
such fractures. Eyre-Brook and Pridie (1941) reported union in 58-7 per cent. of seventy-five 
fractures; and Boyd and George (1947) reported union in 86-5 per cent. of one hundred and 
forty-one fractures. The important remaining cause of non-union is avascular necrosis. It 
is well established, however, that union may take place even when the head of the femur is 
avascular. In these circumstances weight-bearing causes fragmentation of the dead bone, or 
pathological fracture at the junction of dead and living bone. Secondary arthritis is then a 
frequent complication. Carrell and Carrell (1941), Brailsford (1943), Eyre-Brook and Pridie 
(1941), and Seddon (1936), noted the high incidence of avascular changes after fracture of 
the femoral neck in children. Brailsford reported fifteen such fractures, more than half 
of which showed avascular changes. 

Eyre-Brook and Pridie (1941) described the “ fracture- shaft angle ’’ and were impressed 
by the relationship between this angle and the incidence of avascular necrosis. Such 
necrosis developed in 14-7 per cent. of their patients, and in every case the fracture-shaft 
angle was less than 37 degrees. Linton (1944) studied 365 intracapsular fractures and 
presented statistical evidence that fixation with a Smith-Petersen nail increased the incidence 
of necrosis. This method is widely practised and it is important to determine whether or not 
insertion of such a nail has harmful effects and, if so, whether they can be avoided. 


HISTORICAL REVIEW 


The history of investigations into the arterial supply of the femoral head has been 
reviewed fully by Chandler and Kreuscher (1932), Nordenson (1938), and Wolcott (1943) ; andin 
this paper reference will be made only to some of the more important studies. Hyrtl (1846) 
‘stated that the vessels of the ligamentum teres were not of nutritional value to the femoral 
head, but that they spread out upon the surface of the fovea and immediately entered the 
foveolar veins. Langer (1876) showed by injection that vessels did in fact enter the developing 
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femoral head through the ligamentum teres and that they were of fundamental importance 
to the ossific centre. He claimed that variations existed in the adult but that these were 
secondary changes in which the vessels of the round ligament shrank to unimportance so 
that cervical vessels took over an almost exclusive supply of the head. Walmsley (1915) 
examined one hundred round ligaments but never found a vessel of any size; he concluded 
that arteries of the ligament could convey no more than a trifling amount of blood. Further- 
more, he demonstrated by injection that these vessels did not supply the ossific centre in 
two children aged two years and six years. Kolodny (1925) investigated a number of 
foetuses, infants, children, and adults, and concluded that the vessels of the ligamentum 
teres played a certain role in nutrition of the femoral head in the new-born and in children, 
but that they were of no importance in the adult. Zemansky and Lippmann (1929) came to 
similar conclusions. Chandler and Kreuscher (1932) examined one hundred and fourteen 
round ligaments, and made serial sections of six femoral heads, including two in which there 
had been fractures of the femoral neck. The subjects were adults, averaging forty-eight years. 
The ligament was absent in only one case and all others contained vessels. In four, the vessels 
were of pre-capillary size; but the others carried a significant blood supply. In six specimens, 
serial sections were made of the femoral head and the round ligament, and it was established 
that there was anastomosis between the arteries of the ligament and those within the head. 
These observations are significant and they show that, even in the adult hip, the ligamentum 
teres is a vascular structure. Nordenson (1938) examined one hundred and twenty-nine 
normal round ligaments. He found that vessels were present in the ligament at all ages, but 
that with advancing age there was increasing obliteration by arteriosclerosis. Strangely, 
however, he found that in medial fractures of the femoral neck the foveolar vessels were 
always large. He suggested that these vessels, even although arteriosclerotic, were capable 
of hypertrophy, and that this capacity might explain why necrosis of the head was not more 
common. 

Wolcott (1943) investigated the arterial pattern at various ages up to adolescence. He 
had previously made similar investigations in adults. His conclusions are important: 1) In 
infants and children the ossifying centre in the developing head of the femur receives its 
blood supply from capsular vessels which arise from the medial circumflex artery. 2) The 
ligamentum teres vessels do not enter the head of the femur in children, nor do they 
contribute to the nourishment of the growing femoral head, except for very small vessels at 
the site of implantation of the ligament into the foveolar area. 3) Anastomosis between 
vessels of the ligamentum teres, capsular arteries, and nutrient arteries of the shaft, does 
not take place until ossification of the femoral head is almost complete, by which time the 
vessels of the three systems unite by penetrating the thinned area of cartilage at the fovea. 
4) The ligamentum teres circulation is closed, so far as the femoral head is concerned, until 
such anastomosis takes place. 

In describing the arrangement present in the adult, Wolcott made these observations: 
1) In approximately 80 per cent. of specimens which were injected successfully, even in 
patients of advanced age, the ligamentum teres carried at least one main artery which 
penetrated the head of the femur, and anastomosed with vessels entering by way of the 
capsule. 2) In approximately 20 per cent. of adult specimens in which arteries of the 
ligamentum teres were injected successfully, the vessels failed to enter the femoral head. 
In these instances opaque material could be seen to course through the arteries to the foveolar 
area from whence it was returned through the veins of the ligament. 

So far as I know, Wolcott was the first investigator to state that the foveolar vessels 
increased in size with age. This contrasts with other observations, but it is compatible with 
observed clinical facts. Schmorl (1924), Hesse (1925), and Santos (1930) presented cases in 
which the proximal fragment of the head was found alive with only vessels of the ligamentum 
teres remaining intact. 
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F. R. TUCKER 
METHODS OF INVESTIGATION 


This study is based on the examination of forty-four femora obtained from fresh 
cadavers, the ages varying from birth to seventy-seven years. The vessels were injected 
with barium sulphate, and examined by X-ray after decalcification of the femoral head. The 
specimens were cleared by Spalteholz’ method which makes the cartilage, fibrous tissue, 
decalcified bone, and fatty marrow transparent, while the red marrow and vessels containing 
red cells or barium sulphate remain opaque. Transverse sections were made of thirty round 
ligaments, close to their femoral attachments. Transverse sections were also made just distal 
to the articular cartilage of the femoral head in order to confirm the success of the injection, 
and to corroborate the findings regarding distribution of the vessels about the periphery of 
the neck. The size of the vessels was assessed by means of an ocular micrometer. An effort 
was made to measure the lumen of the vessels at their point of entry into the epiphysis, or 
at an equivalent position in the adult. 


PF RAGIN 
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Posterior 


section ; 
Anterior 


section 


Fic. 1 


Male, aged four years. Radiograph of 
decalcified specimen showing the three 
retinacular vessel groups. 


RESULTS OF THE INVESTIGATION 


Three groups of vessels supply the upper end of the femur, namely the nutrient artery 
of the shaft, the retinacular or capsular arteries, and the foveolar artery or artery of the 
ligamentum teres. The term “capsular” is in common use and is quite accurate, but the 


‘ ’ 


term ‘“‘ retinacular ’ 


stresses the relationship which these vessels have to the retinacular 
fibres and the periphery of the neck. It also corrects the erroneous view that these vessels 
run in the substance of the external fibrous capsule and that division of the capsule 
necessarily impairs the circulation of the femoral head. The term “ foveolar,” in place of 
“artery of the ligamentum teres,” is adopted simply for brevity. 
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Nutrient artery—The nutrient artery enters the mid-shaft of the femur and may be single 
or double. The superior branch runs upwards in the medullary cavity and anastomoses 
with cervical branches of the retinacular arteries: In no specimen from a patient of less than 
thirteen years of age could I demonstrate nutrient vessels crossing the epiphysial plate 
from the metaphysis to the epiphysis. However, such an anastomosis could be demonstrated 
across this zone in several adult specimens. It is not possible to say how frequently this 
occurs, because the presence of red marrow, or of a dense cloud of capillaries, made visibility 
poor in some specimens. The anastomosis occurred between vessels of 0-1 to 0-25 millimetres 
in diameter. It may be supplemented by the inosculation of fine capillary tufts, which appear 
to belong to both nutrient and retinacular arteries. 

Retinacular arteries—These vessels arise from the medial and lateral femoral circumflex 
arteries. There is, however, a_ brisk extracapsular anastomosis in the region of the 
trochanteric fossa to which the inferior gluteal, profunda femoris, obturator, and circumflex 


Posterior 
section 


Anterior 
section 


Fic. 2 
Female, aged four years. Radiograph of 
specimen showing only postero-superior 
and postero-inferior vessels. 


arteries contribute. The circumflex arteries lie superficial to the distal part of the fibrous 
capsule and they do not run within its substance; branches of the arteries pierce the fibrous 
capsule near its lateral extremity and run medially along the neck of the femur, deep to the 
reflected cuff of synovial membrane. It is in this position that the vessels are associated 
with retinacular fibres. As a rule they are found in groups, although occasionally a few 
isolated and separate vessels may be observed. 

There are three main groups of retinacular arteries—postero-superior, postero-inferior, 
and anterior. The first two groups are branches of the medial femoral circumflex artery and 
they run along the upper and lower borders of the neck of the femur. If one looks at the head 
and neck of the right femur from the medial aspect (as in Figs. 1 and 2 insets) the postero- 
superior vessels are found between eleven and two o'clock, and the postero-inferior vessels 
between five and seven o’clock. Although the groups may extend on to the front of the 
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neck, they are usually posterior. These two groups are moderately large and quite consistent, 
the postero-superior group being usually the larger, and occasionally providing the sole 
supply to the epiphysis. The anterior group is the smallest and least constant; its vessels 
are branches of the lateral femoral circumflex artery (Figs. 1 and 2). The relative frequency 
of the groups, and estimations of their sizes, are shown in Tables I to III. 


TABLE I 


POSTERO-SUPERIOR RETINACULAR ARTERY 





Age Mean size 


specimens vessels present of vessels 
Children 24 24 (100 per cent.) 0-125-1-875 mm. 0-730 mm. 


Adults 20 20 (100 per cent.) 0-300—1-550 mm. 0-839 mm. 


Number of Postero-superior Range of size 
j 
| 
| 





TABLE II 


POSTERO-INFERIOR RETINACULAR ARTERY 








Number of Postero-inferior Range of size 


as : a . Mean size 
specimens vessels present of vessels 


Age 


== 


Children 24 23 (95 per cent.) 0-150-0-875 mm. 0-467 mm. 


Adults 20 16 (80 per cent.) 0-150-0-625 mm. 0-410 mm. 











TABLE III 


ANTERIOR RETINACULAR ARTERY 





Number of Anterior vessels Range of size 


i ; ; : Mean size 
specimens present of vessels 


Age 


Children 24 16 (65 per cent.) 0-025-0-525 mm. 0-184 mm. 


Adults 20 5 (25 per cent.) 0-100-0-300 mm. 0-250 mm. 











TABLE IV 


FOVEOLAR VESSELS 





Number of Number with Range of size 


ee: : REPE aE Soren Mean size 
specimens penetrating vessels of vessels 


Age 


Children 24 8 (33:3 per cent.) 0-075-0-30 mm. 0-183 mm. 


Adults 20 14 (70 per cent.) 0-075-0.625 mm. 0-328 mm. 








The retinacular vessels lie loosely under the synovial membrane, sometimes in mesenteric- 
like folds of synovial membrane. In their cervical course these vessels supply many 
branches to the femoral neck which anastomose with the nutrient artery of the shaft. 
Branches from the superior vessels are particularly numerous and they run a remarkably 
straight path from their origin to the base of the femoral neck. Despite the attachment of 
these branches, the mid-cervical parts of the retinacular vessels are quite mobile, in marked 
contrast to the fixation which may be noted as they approach the articular cartilage. 
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Fic. 3 

Male, aged two months. Spalteholz’ preparation. Ossific centre not present. 

Postero-superior and postero-inferior retinacular vessels are seen. <A 

curved penetrating foveolar vessel is passing up to the cartilaginous head. 
’ The inset is a photograph of the specimen. 





Fic. 5 


Male, aged six months. Fig. 4 shows posterior view of Spalteholz’ 
preparation. Retinacular vessels are supplying the ossific centre and passing 
beyond it to the subarticular region. Foveolar vessels are spread out on 
the surface of the fovea. Three very small vessels pass deep to the surface 
but do not reach the ossific centre. Fig. 5 shows the oblique view; the 
superficial distribution of foveolar vessels can be seen. Insets are 
photographs of the specimens. 
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The postero-superior group of retinacular vessels do not pierce the epiphysial cartilage; 
they cross the plate at its periphery and then turn towards the centre of the femoral head. 
The postero-inferior and anterior vessels often cut the corner of the plate. Within the 
substance of the head, the retinacular vessels anastomose with each other, and with the 
nutrient and foveolar arteries if these are present. 


4A et Ob OO 


pacenienRe TS 


Foveolar artery—The foveolar artery arises either from the obturator or medial femoral 
circumflex arteries, or from both. It passes into the acetabulum under the transverse ligament 
and, after giving off a pulvinar branch to the Haversian fat pad, it runs along the ligament to 
the femoral head. The foveolar vessel was present in every ligament examined, but the size 
varied considerably. The important question is whether or not the vessel contributes to the 
supply of the ossific centre, or to that of the adult head. In eight specimens out of twenty- 
four, in children up to the age of thirteen 
years, the artery penetrated the fovea and 
supplied the deep cartilage of the head or 
the ossific centre. The vessels were very 
small and varied from one to five in number 
(Figs. 7 and 8). The size of these vessels 
is shown in Table IV. In the other sixteen 
specimens the vessels spread out over the 
surface of the fovea like the fingers of : 
an outstretched hand, obviously being : 
concerned solely with supply of the fibrous | 
tissue of the ligament and its attachment 
to the cartilaginous head (Figs. 4-6). 

In adults there was striking alteration 
in the size and arrangement of the foveolar 
vessels. They penetrated the osseous head 

Fic. 6 in fourteen out of twenty specimens. In ; 

Male, aged four years. Postero-superior retinacular other specimens visibility was poor, owing 
vessels are well seen. Foveolar vessels do not cross the 3 : ‘ 

cartilaginous zone between fovea and ossific centre. to red marrow and perifoveolar capillaries, ; 

and accurate observations could not be 

made. It is evident that there is anastomosis in at least 70 per cent. of adult cases, and 

possibly in more than 70 per cent. As seen in Table IV, the incidence of penetrating 

foveolar vessels in adults is approximately double that which is found in children, and the 

diameter of the vessels is increased by 80 per cent. Adult foveolar vessels are 
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illustrated in Figs. 7 and 9. 


DISCUSSION q 


There is no dispute as to the existence of three main arterial groups supplying the femoral 
head. Difference of opinion exists only on the questions of the relative size and importance 
of the vessels, and the effect which age may have on foveolar vessels. Many diverse views 
have been expressed. Unfortunately some investigators have failed to publish the factual 
basis of their studies, so that critical analysis of their papers is of little value. It is generally 
agreed that retinacular vessels represent the chief arterial supply to the upper femoral 
epiphysis and the adult head. Discussion is centred upon the relative importance of the 
foveolar and nutrient arteries. Foveolar vessels appear to be of significance in a minority of 
children, whereas in adults the vessels are of increasing value. The nutrient vessels are 
unimportant so far as the epiphysis of the child is concerned but they constitute a supple- 
mentary source of supply in some adults. Examination of material from avascular femoral 
heads has been infrequent. Observations on Perthes’ disease and other necrotic lesions in 
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children are very rare and I can find no reference to injection of the arterial system in these 
conditions. We have no alternative, therefore, but to resort to hypothesis in attempting to 
correlate the pathological findings with known facts about the circulation. 

Relative importance of the retinacular and foveolar vessels in children—The 
cartilaginous head and the ossific centre are supplied almost entirely from retinacular vessels, 
while in a few specimens the foveolar vessels contribute. In the series now reported, foveolar 


Fic. 7 


Male, aged sixty-four years. Posterior half of specimen (Spalteholz’ preparation). 
The perifoveolar cloud of capillaries is visible. A penetrating foveolar artery of 
moderate size is passing toward the postero-superior retinacular artery. 





Female, aged six years. Foveolar area of specimen (Spalteholz’ preparation). 
Five vessels are seen passing from the fovea into the ossific centre. 


vessels penetrated the deep cartilage or the ossific centre in only eight cases out of twenty-four. 
Most of the vessels were small, but in view of the size of the femoral epiphysis there was every 
possibility that they could sustain its life. The evidence indicates therefore that the foveolar 
vessels never constitute the chief vascular supply to the femoral head in children, but that 
they are of importance in a minority of cases. If this view is accepted the site of obstructive 
vascular iesions causing avascular necrosis must be located in the retinacular group of vessels. 
The foveolar supply may afford additional protection to the ossific centre. The epiphysis 
in the child is more dependent upon retinacular vessels than is the corresponding area of 
bone in the adult, thus explaining the greater frequency of avascular necrosis in children. 
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Legg-Perthes’ disease—Although Jackson Burrows (1941) suggested that venous obstruction 
might be the cause of Perthes’ disease, most investigators believe that arterial obstruction 
of undetermined nature is the probable cause. If injury is the cause of Perthes’ disease, 
vulnerability of the epiphysis to infarction will be greatest when the blood supply is derived 
largely from the postero-superior vessels. In other words, multiple sources of vascular 
supply provide a safeguard to the nutrition of the femoral epiphysis; and in contrast, 
concentration of the vascular supply to one group of vessels constitutes a potential danger. I 
believe that the postero-superior group of vessels is susceptible to pressure from the acetabular 
lip and its labrum in positions of forced abduction and external rotation of the hip, and that 
it is individuals with this pattern of vascular supply who are most prone to Perthes’ disease. 
Congenital dislocation of the hip—Fragmentation of the epiphysis after reduction of congenital 
dislocation of the hip joint appears to be due to avascular necrosis. It is unlikely that the 








Fic. 9 


Male, aged sixty years. Photograph of the posterior half of a decalcified 
specimen. This shows retinacular and nutrient arteries and a good-sized 
foveolar vessel. 


changes could be produced by direct trauma; the vessels and the ossific centre lie deeply 
within the substance of the cartilaginous head and are thus protected from injury. Moreover 
it is difficult to believe that manipulative reduction would cause extensive damage to extra- 
capsular vessels supplying the hip joint. Again, I suggest that the postero-superior vessels 
are the most likely site of vascular damage. Fragmentation has been observed in the sound 
hip after fixation in full abduction and external rotation, but not when this joint has been 
left free. The degree of pressure on the vessels trapped between the femoral neck and 
acetabular margin depends upon the degree of abduction, the prominence of the posterior 
acetabular lip, and the tightness of the adductor muscles. After manipulative reduction 
with gentle stretching of the adductor muscles, the femur usually assumes a position of 45 
degrees abduction; this may be accepted as a position of safety so far as the retinacular 
vessels are concerned. When the adductors are very tight, it would seem less dangerous to 
the circulation in the femoral head to lengthen them by tenotomy than to stretch them 
forcibly, using the postero-superior surface of the femoral neck as a fulcrum. 

Epiphyseolysis capitis femoris—Avascular necrosis is not a frequent complication of the 
type of epiphyseolysis which is gradually progressive. It does occur, however, in the acute 
traumatic type, and in cases treated by vigorous manipulative or operative reduction. 
Waldenstrom (1934) suggested that these changes were due to surgical division or rupture 
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of vessels in the ligamentum teres. It is true that foveolar vessels may represent the main 
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vascular supply remaining to the slipped epiphysis. On the other hand, if the retinacular 
vessels were damaged irreparably in every case of epiphyseolysis, avascular necrosis should 
occur more frequently. There are several anatomical facts which would explain escape from 
injury of the retinacular vessels when slipping occurs slowly. Displacement occurs between 
the epiphysial cartilage and the metaphysis (Waldenstrém 1930) at a level where the 
retinacular vessels are still quite mobile, not yet having reached the vicinity of the epiphysial 
plate. Thus when the epiphysial plate and epiphysis slip downwards and backwards the 
vessels may escape traction injury, particularly if the slipping is gradual or slight so that they 
may elongate and accommodate themselves to the new position of the epiphysis. But if the 
slipping is rapid, or extensive, the vessels are more likely to be damaged. The postero-inferior 
group of vessels, which are even more mobile than the postero-superior group, are more likely 
to be injured by forcible manipulative reduction than by gradual stretching due to progressive 
displacement of the epiphysis. 

Relative importance of retinacular and foveolar vessels in adults—lIn the adult, the 
united epiphysis receives nourishment from additional sources. The retinacular vessels are 
still predominant, but the nutrient foveolar vessels take over an increasing share. In fourteen 
of the twenty specimens examined, foveolar vessels penetrated the femoral head and supplied 
it with a significant amount of blood, thus confirming Wolcott’s observations. The foveolar 
supply is, however, variable: sometimes there is none, but in the majority of cases it is present 
to a variable extent. 

Fracture of the neck of the femur—lIn fractures of the neck of the femur, the fate of the head 
depends upon the residual vascularity, which is decided at the moment of maximal displace- 
ment of the bone. It is obvious that all intra-osseous vessels in the neck are disrupted and 
that blood supply depends wholly on the retinacular and foveolar vessels. It seems reasonable 
to assume that displacement of the fragments is greatest when the fracture line is vertical, 
and least when it is more horizontal, especially when there is impaction of the fragments. 
The fracture-shaft angle may be accepted as an index of the degree of displacement, and 
probably therefore as a guide to the likelihood of damage to the retinacular arteries. The 
statistics of Eyre-Brook and Pridie (1941) suggest that when the fracture-shaft angle is 
greater than 40 degrees, displacement of the fragments is insufficient to cause disruption of 
the retinacular vessels. 

It is difficult to estimate the frequency with which the adult femoral head can be 
nourished fully by the foveolar artery. There is a variable foveolar supply in 70 per cent. 
of cases, the vessels being capable of maintaining the nutrition of the whole femoral head 
in some cases (Schmorl 1924, Hesse 1925, Santos 1930), and of no more than a limited area 
near the fovea in others. In the other 30 per cent., loss of the retinacular supply would be 
expected to cause avascular necrosis. 

One patient who died four months after fracture of the femoral neck showed the 
importance of the foveolar vessels. There was complete disruption of the retinacular vessels 
but the foveolar vessels were intact. The medial third of the head was alive; the other two- 
thirds, which had died, was already revascularised fully from the living segment and new 
bone was being laid down on the dead trabeculae. There is of course abundant evidence 
that, in the adult, complete regeneration is slow and usually incomplete, especially when the 
avascular fragment is large (Phemister 1939). Only when there are large foveolar vessels is 
vitality of the head likely to be maintained to a degree compatible with a good errd-result. 
It must not be forgotten, however, that proper reduction and immobilisation of the fracture 
may also assist in revascularisation of the proximal fragment. Clearly, every effort should 
be made to avoid damage to the fovealar arteries. 

Avascular necrosis due to the Smith-Petersen nail—There is no direct evidence as to the way in 
which the foveolar supply may be affected by a Smith-Petersen nail. Linton (1944) suggested 
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that there was significant difference in the incidence of necrosis as between cases treated by 
means of a Smith-Petersen nail and those immobilised by Nystrom’s three small nails. 
Avascular necrosis occurred in 39-5 per cent. of fractures treated by the massive nail and 
only in 9-3 per cent. of fractures immobilised by small nails. The explanation seems to be 
obvious. Any object driven into the bone near the fovea may disrupt the foveolar vessels. 
Furthermore, in so far as the anterior part of the head usually receives its blood supply from 
the posterior set of retinacular vessels, a large centrally placed object may sever intra-osseous 
arteries. The foveolar vessels are most prone to damage if the nail is near the fovea and with 
its tip flush with the articular surface. Nystrom’s nails, and Austin Moore’s pins, are inserted 
more peripherally than the Smith-Petersen nail and their bulk is dispersed; for this reason 
they are likely to cause less damage. The risk of a Smith-Petersen nail may perhaps be 
reduced by inserting it eccentrically and avoiding the foveolar area. 

Traumatic dislocation of the hip joint—There is little evidence as to the incidence of vascular 
damage in traumatic dislocation of the hip joint. Kleinberg (1944) reported a case in which 
the foveolar vessels were still patent after such injury, but in the majority of cases the 
ligamentum teres must be ruptured so that there can be no vascular supply to the femoral 
head from foveolar vessels.. The incidence of avascular necrosis must depend first upon the 
frequency of damage to retinacular vessels, and then upon the incidence of anastomosis 
between these vessels and the nutrient arteries. In children no nutrient vessel was detected 
crossing the epiphysial line from the metaphysis to the epiphysis. In some adults, however, 
there was such anastomosis. Thus, avascular necrosis after traumatic dislocation of the hip 
joint, due to rupture of the retinacular vessels in cases where there is no adequate anastomosis 
between these vessels and the nutrient artery, must be expected to occur more frequently 
in children than in adults. 


SUMMARY 


1. The arterial supply of the upper end of the femur has been studied in twenty-four 
children and twenty adults. 

2. The arterial system was demonstrated by injection of radio-opaque material, with 
Spalteholz’ method of clarification, and histological section of the neck and ligamentum teres. 
3. The upper end of the femur is supplied by the nutrient artery of the shaft, the retinacular 
vessels of the capsule, and the foveolar artery of the ligamentum teres. 

4. The retinacular vessels consist of three separate groups: postero-superior, postero- 
inferior, and anterior. These vessels are the chief supply to the epiphysis and femoral head 
at all ages. 

5. The foveolar artery constitutes a small and subsidiary blood supply to the femoral 
epiphysis. In this series, it penetrated the cartilaginous or osseous head in 33 per cent. of 
young specimens and 70 per cent. of adult specimens. The foveolar vessels increase in size 
with age. 

6. The site of the vascular pathology in various lesions of the femoral head is considered. 


The author would like to express his thanks to Professor T. P. McMurray and Professor H. L. Sheehan 
for their encouragement and assistance. : 
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ALKALINE PHOSPHATASE AND THE MECHANISM 
OF OSSIFICATION 


I. JoAN Lorcu, Lonpon, ENGLAND 
From the Chester Beatty Research Institute, Royal Cancer Hospital, London 


In bone formation, two fundamental processes may be distinguished—the synthesis of 
a calcifiable protein matrix, and the deposition of mineral salts therein. The biochemical 
mechanism by which bone salts are formed and deposited has been studied extensively 
since Robison’s first description of a ‘‘ bone enzyme,” with an optimum pH in the region 
of 9, which was referred to later as ‘“‘ alkaline phosphatase.”’ In this paper it is proposed to 
outline earlier work which forms the background to recent intensive studies of alkaline 
phosphatase, and to survey the contribution of histochemical studies to our understanding 
of the complex processes of calcification and ossification. 

Investigation of the biochemical mechanism of calcification was initiated in 1923 by 
Robison’s description of an enzyme which was capable of hydrolysing phosphoric esters 
in vitro. Roche (1946) reviewed Robison’s work in the light of more recent research, and 
only the facts which are relevant to histochemical studies will be discussed here. In his 
study of calcification, Robison took slices of the epiphyses of long bones of rachitic rats and 
incubated them in physiological solutions with different concentrations of calcium and 
phosphorus salts. The bone slices were then fixed, and the deposits of inorganic phosphate 
were visualised by conversion to silver phosphate which is darkened by light. It was found 
that, under favourable conditions, inorganic phosphate was deposited during incubation in 
the region of the hypertrophic cartilage at the epiphysial junction. This method was useful 
in showing the distribution of calcified areas and the conditions which determined calcification. 
Calcium phosphate was deposited only when the product of ion concentrations of calcium 
and phosphorus in the solution exceeded 40 mg. per 100 ml. Below this level, calcification 
occurred only if sufficient phosphoric ester was added to the medium. Addition of the ester 
also encouraged the deposition of calcium phosphate at higher ion levels. It was this 
observation, as well as the fact that a phosphoric esterase could be extracted from bone, 
which led Robison to formulate his well-known theory of calcification which may be stated 
briefly. A phosphomonoesterase is present at the site of calcification. This enzyme liberates 
phosphate ions from organic phosphates, thus producing a local increase in the concentration 
of phosphate ions. Consequently the solubility product of calcium phosphate is exceeded 
and the salt is precipitated at the site of enzyme action. This theory requires the presence 
of active phosphatase at the sites of calcification only, and a suitable substrate in sufficient 
concentration to produce the required phosphate ions. These conditions being fulfilled, 
local precipitation of bone salts might be accounted for, but fixation of the salts in the protein 
matrix would still have to be explained. This aspect of the problem was investigated by 
Roche (1946) whose modified theory of calcification is set out in his review. 

In order to demonstrate the presence of phosphatase at sites of calcification, quantitative 
biochemical methods were at first employed. These were based on estimates of the phosphate, 
or of the organic radicle liberated by enzymic hydrolysis of a suitable substrate. They can 
be applied either to macerated tissues or to more or less purified enzyme extracts. When 
minute portions of tissue are used for analysis, a fair idea of the distribution of enzyme 
within an organ can be determined. 

When examining the results of quantitative enzyme studies, certain difficulties must be 
borne in mind. Enzyme activity is influenced by the mode of preparation of tissues and the 
methods of purification. This was emphasized by Thoai, Roche, and Roger (1947) who 
showed that the effect of certain activators on alkaline phosphatase was altered by the 
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method of extracting the enzyme. When dealing with extracts, incomplete removal of enzyme 
from the tissue is unavoidable and there is always the possibility that there may be unknown 
quantities of tissue constituents exerting an influence on the enzyme action. These 











discrepancies may become evident when the enzyme activity of different tissues is compared. 

Results obtained by biochemical assay deal necessarily with organs or parts of organs: 
the heterogeneous nature of the tissues is not taken into account. Robison’s bone slice 
technique was the first method by which localisation of phosphatase within a tissue was 
demonstrated. Calcification took place in the hypertrophic cartilage of rachitic bones: hence 
this tissue must be the site of enzyme action. Fell and Robison (1929) examined embryonic 
bone grown in tissue culture, and again demonstrated the association of alkaline phosphatase 
with hypertrophic cartilage and its absence from small-celled cartilage. Experiments on 
membrane bone formation showed that phosphatase was always present in the ossifying 
mesenchyme. Fell and Robison concluded that phosphatase was synthesised by hypertrophic 
cartilage cells and osteoblasts. 

Robison’s bone slice technique may be called a microanatomical method and it was the 
precursor of the histochemical technique developed fifteen years later by Gomori (1939) and 
Takamatsu (1939). The advantage of this method is the accuracy with which the enzyme 
can be located, not only at sites within a tissue but also on particular structures inside cells. 
Paraffin sections of the tissues which were fixed in 80 per cent. ethyl alcohol are dewaxed 
and incubated in an alkaline medium containing sodium B glycerophosphate and calcium 
ions. By the action of phosphatase, inorganic phosphate is split off and calcium phosphate 
is deposited at the site of enzyme action. The white calcium phosphate is then visualised 
by conversion either to the silver salt or to the black cobalt sulphide. The latter method 
gives more constant results and it may be illustrated by the scheme: 





Na £ glycerophosphate >calcium phosphate 
+Ca*: phosphatase Y Co(NOs)o 

pH 9 cobalt phosphate 
Y _(NH4)2S 


cobalt sulphide 


The Gomori method has been used so extensively on almost every type of tissue (Lison 
1948) that we must consider whether the conclusion is justified that black areas do in fact 
represent phosphatase activity. It had been known for some time that phosphatase was not 
destroyed by treatment with alcohol (Robison, Macleod, and Rosenheim 1930) so that 
fixation of the tissue should not greatly impair its enzyme activity. On the other hand, 
paraffin embedding, with exposure to a temperature of about 58°C. for several hours, 1s 
certain to affect the enzyme adversely. But the destructive effect is of no great importance 
provided that there is no specific destruction at certain sites, nor diffusion of the enzyme 
from its original location. That there was no such destruction or diffusion has been shown by 
Danielli (1946) who concluded that ‘“ alkaline phosphatase in fixed preparations is found at 
sites which are those in which it occurs under physiological conditions.’””’ The method is not 
strictly quantitative but the degree of blackness in identically treated sections does provide 
an index of the relative phosphatase activity. Incubation is carried out at pH 9 to 9-3—that 
is to say the optimum pH of the enzyme: the method is not reliable with hydrogen ion 
concentrations at a more physiological level (Danielli, personal communication). ‘‘ Gomori 
negative ’’ areas (without colour) are not necessarily devoid of phosphatase. Moreover, 
since the conditions within a tissue are not always optimal for the action of alkaline 
phosphatase, we must not conclude that every cell which is “Gomori positive ”’ displays 
enzyme activity in vivo. Indeed it is likely that the conditions for phosphatase action in the 
cytoplasm are not favourable (Danielli 1946). Modifications of the Gomori method, such as 
changes in the substrate or the pH, must be regarded with caution until the validity of these 
methods has been demonstrated. 
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The histochemical method was first applied to non-osseous tissues, both normal and 
pathological. The results will not be discussed here, but it must be borne in mind that 
phosphatase is present in many structures, particularly in the brush borders of proximal 
renal tubules and the intestinal mucosa, as well as in most cell nuclei. Hence it is clear that 
phosphatase has other functions than that of its probable réle in calcification. It remains to 
be determined what those functions may be, and what it is that determines calcification in 
certain tissues and prevents it in other tissues which contain phosphatase. 

In applying the Gomori method to calcified tissues there are certain technical difficulties. 
Phosphatase is destroyed by ordinary methods of decalcification. On the other hand, in 
sections of undecalcified osseous tissue, which can of course be obtained only from young 
material, the calcium salts already present obscure the phosphatase reaction, since both 
appear black after treatment by the Gomori method. Gomori modified his technique in such 
a way as to stain preformed phosphate black but the sites of phosphatase activity purple 


— Bone marrow 


Compact bone 


Sharpey’s fibres 


Osteocyte 


1 


Compact bone of rat’s rib near the marrow cavity. Incubation time, one 

hour. Note the osteocytes with processes and positively staining fibres 

extending from the endosteum. (Untouched photomicrograph of 

decalcified section. Sites of alkaline phosphatase, displayed by the 
Gomori method, appear black.) 


(Gomori 1943). The results, obtained with bones of various mammalian embryos, agree 
well with Robison’s conception of an enzyme associated with ossifying cartilage and 
developing membrane bone. Gomori found that phosphatase appeared first in the 
perichondrium of vertebrae and ribs, and later in that of all cartilages which become 
ossified. Subsequently the cartilage cell nuclei and the matrix were positive, particularly in 
the region of the perichondrium. In these areas, calcium salts are first deposited. 

Bourne (1943) tried to overcome the technical difficulties by incubating bone slices in 
the Gomori substrate and decalcifying after visualising the phosphatase. Owing to the 
possibility of diffusion during various stages of the procedure, these results cannot be accepted 
as cytologically accurate. Nevertheless the observations of Bourne agreed in general with 
those of Gomori. 

Moog (1944) found that phosphatase was distributed widely in early chick embryos but 
that later it became localised in certain tissues, particularly those which were about to 
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ossify. She confirmed the results of Fell and Robison (1929) that phosphatase was invariably 
present in hypertrophic cartilage. Horowitz (1942), working on the heads of foetal rats, 
demonstrated clearly the association of phosphatase with developing bones and teeth. He 
indicated that glycogen, which was also localised in these tissues, might provide a substrate 
for the enzyme; but more evidence is needed on this point. 

There have been no histochemical investigations of phosphatase in animals beyond a 
certain stage of development owing to the difficulties experienced in cutting thin, undecalcified 
sections of the harder material. This prompted me to develop a method of decalcification 
which would not destroy the enzyme (Lorch 1946, 1947). The method involves decalcification 
by citrate buffer at pH 4:5 in the presence of zinc ions which have a protective effect on the 
enzyme. The slight degree of inactivation which occurs during this treatment can be reversed 
by subsequent reactivation in an alkaline medium. The results obtained by applying this 


Outer layer of 
periosteum 


Inner layer of —— : : - —________ Small-celled 
Periosteum . : cartilage 


Periosteal bone 


Hypertrophic 
cartilage 





Bone marrow 





Blood vessel 


Bone trabeculae —— 


Costochondral junction from rib of adult rat. Incubation time, thirty 
minutes. Note the absence of phosphatase from the small-celled cartilage 
except for a few nuclei in the central zone. The nuclei of hypertrophic 
cartilage cells are strongly positive. The inner layer of the periosteum is 
positive; the compact periosteal bone immediately below it is negative. 
There are a few positive patches in the bony trabeculae. (Untouched 
photomicrograph of decalcified section. Sites of alkaline phosphatase, 
displayed by the Gomori method, appear black.) 


method to bones of kittens and adult rats and mice (Lorch 1947) may now be summarised. 
*~hosphatase is concentrated in the endosteum and periosteum where it appears in the nuclei 
.f fibroblasts and on collagenous fibres. The bone matrix itself is negative, except in some 
ewly formed trabeculae where traces of enzyme could be detected. The superficially 
ilaced osteocytes have long ramifications protruding into the matrix. These spidery, 
| hosphatase-containing cells stand out black against the colourless bone matrix (Fig. 1). 
t the costochondral junction of the ribs, as well as at the epiphysial plate of rodent bones, 
hosphatase is localised in hypertrophic cartilage cells and in the calcifying matrix (Fig. 2). 
t will be noted that small-celled cartilage and periosteal bone were completely negative. 
ome bone marrow cells contained phosphatase. Greep, Fischer, and Morse (1948) gave an 
ccount of the distribution of phosphatase in decalcified sections of the tibia and skull bones 
f growing rats. Their results are in agreement with my observations. 
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Recently, a study of phosphatase in the skeleton of developing bony and cartilaginous 
fish was made (Lorch 1949). The results indicate that, in the earlier stages of development, 
phosphatase is very widespread but is confined almost entirely to the nuclei. Extracellular 
phosphatase appears only at sites of calcification or fibre formation. This finding is of interest 
in view of the fact that the collagenous fibres of healing wounds also show strong phosphatase 
activity (Fell and Danielli 1943). Similar observations were made on fracture callus by 
Bourne (1943, 1948). It would seem, therefore, that phosphatase may have at least two 
functions, apart from its intranuclear réle which is possibly concerned with nucleic acid 
metabolism, namely, the initiation of calcification, and some réle in connection with fibre 
formation. 

In the bony fish (trout) phosphatase always appeared at the sites of membrane bone 
formation long before the actual bone was defined. The pre-osseous matrix displayed 
phosphatase activity but the older bone was invariably negative except in the periosteum. 








Osteoid SS 


Symplectic cartilage —_ 


Perichondrium Quadrate cartilage 


Fic. 3 


Distal end of the quadrate cartilage at its articulation with the symplectic 
process of a 20 millimetre trout. Incubation time, six hours. Only the 
symplectic cartilage is surrounded by a layer of osteoid. Note the difference 
in appearance and phosphatase content between ossifying and non-ossifying 
cartilage. (Untouched photomicrograph of decalcified section. Sites of 
alkaline phosphatase, displayed by the Gomori method, appear black.) 


This is in agreement with findings on mammalian bones. In cartilage bone formation 
phosphatase appeared in the enlarged cartilage cells, and in the matrix, simultaneously with 
the formation of a periochondral ring of osteoid. Non-ossifying cartilage never displayed 
extracellular phosphatase, only the nuclei of the chondrocytes being positive as are those of 
many other tissues. The contrast between ossifying and non-ossifying cartilage is seen in Fig. 3. 

In the cartilages of non-bony fish (Scyllium canicula) phosphatase was strictly localised 
at the periphery, where the platelet-like deposits of calcium salts occur during the late 
embryonic stage. In young embryos, devoid of calcium deposits, the cartilage was free from 
phosphatase. It is evident that phosphatase is correlated with calcification even in the 
absence of actual bone formation. 

Since calcification in dogfish, trout, or mammals has never been observed at sites devoid 
of extracellular phosphatase, there is definite evidence that the latter is an essential factor. 
Intracellular phosphatase does not seem to be correlated with calcification. A knowledge of 
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the phosphatase mechanism alone cannot lead to full understanding of the complex processes 
of calcification and ossification. Research into the nature of the protein matrix of bone and 
the other factors which play a part in the precipitation and fixation of “ bone salts ’’ would 
seem most profitable at this stage of our knowledge of the biochemistry of ossification. 


Figs. 1 and 2 are reprinted from the Quarterly Journal of Microscopical Science, 88, by kind permission 
of the Company of Biologists. 
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THE MOVEMENTS OF BONES AND JOINTS 
2. Function of the ‘Musculature 


M. A. MAcConalL_, Cork, IRELAND 
From the Anatomy Department of University College, Cork 


Muscles retain the bones of a joint in a given position (postural function) or they change 
that position for another (phasic function). Each of these functions is carried out in a field 
which is influenced by gravity. The distinction between postural and phasic functions is 
not simply academic, for it is reflected in the arrangement and the action of the muscles 
themselves. The terms “shunt function” and “spurt function’ are more descriptive. 
Shunt refers to the force which is transmitted along the bone in the direction of the joint, 
while spurt refers to the force which pulls the bone along the curved path which it traverses 
during movement. These words were introduced into mechanics by English engineers in the 
nineteenth century. ‘‘ Shunt ”’ is the centripetal force associated with movement in a curve, 
while “‘ spurt ’’ is the force which acts along the tangent to that curve. As a general rule it 
is possible to distinguish shunt muscles from spurt muscles by simple inspection of their 
anatomical arrangement. 


SHUNT MUSCLES AND SPURT MUSCLES 


A shunt muscle is one that directs more of its contractile force along the bone than 
across it; whereas a spurt muscle directs more of its force across the bone than along it. The 
distinction becomes effective as soon as the joint moves from the position of full extension to 
one in which the bones make an angle with each other (Fig. 1). A muscle which arises near 
the joint and is inserted far from it is clearly a shunt muscle. On the other hand, a muscle 
which arises far from the joint and is inserted near to it is a spurt muscle. There are very few, 
if any, muscles with origins and insertions equidistant from the joints on which they act. 
This is true even for the adductor magnus muscle, which at first appears to be an exception 
to the rule. The most anterior pubic fibres of this muscle are spurt muscles, whereas the most 
posterior ischial fibres are shunt muscles. The biceps brachii and the brachialis anticus are 
spurt muscles; the pronator teres and the brachio-radialis are shunt muscles. From these 
examples it is clear that the difference between these two types is the relative distance from 
the joint of their origins and insertions. The reason for the distinction in main action of the 
two kinds of muscle is, of course, that muscles whose length beyond the joint is greater than 
that above it remain more nearly parallel to the moving bone than do those of the opposite 
type, and thus direct more of their force along the bone. It is possible to develop the thesis 
in a mathematically precise manner (MacConaill 1946); but this is not necessary for the 
practical grasp and application of the principle. This principle finds two chief applications, 
namely, a mechanical basis which explains the sites of tendon sheaths and lumbrico- 
interosseal expansions, and an understanding of the sequence of contraction of the several 
parts of the musculature of joints. 


THE FUNCTION OF TENDON SHEATHS 


The clinical importance of tendon synovial sheaths has obscured the fact that they are 
no more than bursae, ancillary to the fibrous sheaths beneath which they run.’ Fibrous 
sheaths serve the simple purpose of retaining the tendons, and therefore the forces they 
transmit, close against the bone in all positions of the joint. The effect of this function is 
that the ‘‘ vaginate ’ muscles, as we may call them, are shunt rather than spurt muscles, 
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except for the joints at which they are not ensheathed—for example, the terminal joint of 
the digit in the case of the flexor longus digitorum. This is shown in Fig. 2. 

It will thus be clear that shunt muscles tend to press the bones together rather than move 
them. They are stabilisers rather than mobilisers—postural rather than phasic. In this 
lies the explanation of the stability of ankle and wrist joints over a wide range of posture. 
It makes possible the art of the ballet dancer and the acrobat. 




























































THE LUMBRICAL AND INTEROSSEOUS MUSCLES 
ve The instinct of the examination candidate who assigns 
ld tendon sheaths to the extensor tendons of the fingers is 
is | perhaps more sound than that of the examiner who is 
6s | deeply shocked. The candidate who cannot see why the 
" j index-extensor is less entitled to a sheath than, say, the 
t, flexor beneath a metatarso-phalangeal joint, is to be 
“3 forgiven, because the range of angulation at the correspond- 
Me ing joints is comparable. In fact, the function served by a 
" flexor sheath is served also by expansions of the lumbrical 
it and interosseous muscles where they are inserted into the 
7 proximal parts of the extensor tendon. These expansions 
Scheme to show the difference pull the tendon of the extensor in a palmar (or plantar) 
between spurt and shunt muscles. ; 2 : bars : 
The spurt muscle (A) pulls more direction and thus keep the tendon in close apposition with 
directly across the bone in most the bone. They form part of the postural mechanism of the 
positions other than full exten- a i ABP 
a : sion. The shunt muscle (B) pulls joints between the digits and the bulk of the limb, and they 
i ; more directly along the bone. enable the fingers (or toes) to be used effectively over a 
‘. wide range of posture. Attachments to the more distal 
a parts of the tendon subserve a similar function at the joints of the fingers. For a first-hand 
* ; account of the effects of nerve injury upon the functions of these muscles the reader is 
P i referred to the paper by Sunderland (1945), based upon cases from the Pacific theatre of war. 
CISARTICULAR AND TRANSARTICULAR LENGTHS 
t The distance from the origin of a muscle to the axis of 
e movement of a joint may be called the cisarticular length, 
e 7 and the distance from that axis to the insertion of the 
n muscle is the ¢vansarticular length. These measurements 
e are made while the muscle is stretched to its full natural 
n length (Fig. 3). The ratio of the cisarticular length (C) to 
e the transarticular length (T)—that is to say, the ratio C/T 
S —is a guide to the functional relation of the muscle to the B 
e joint. When that ratio is greater than unity, as in the A 
; muscle A in Fig. 1, then the muscle is primarily a spurt tie 2 
- : muscle; but if the ratio be less than unity, asin the muscle — g.nemeto show the joint-stabilising 
] B, then the muscle is primarily a shunt muscle. Further action of a fibrous tendon sheath. 
; proof of these statements will be found in the author’s heer ed sm haps con trig 
paper (MacConaill 1946). The concept underlying this Where there is a sheath (B), the 
) ratio has a special application to muscles passing over two ee ee 
> : joints. The biceps brachii may be taken as an example. 
_ : It is a muscle which acts upon the shoulder joint and also on the elbow (its action on the 
a radio-ulnar joint is irrelevant to this discussion). It arises but a short distance above the 
; shoulder and is inserted far distal to it. Hence it is a shunt or postural muscle to the shoulder, 
, and this action is enhanced by enclosure in a synovial sheath formed by the joint, and by 
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the prolongation of the sheath along the bicipital groove. On the other hand it arises far 
above the elbow and is inserted but a short distance distal to it. It is therefore a powerful 
spurt or phasic muscle for the elbow. The example of the biceps brachii is extended readily 
to other muscles which are disposed similarly. In particular, Haines (1934) showed that the 
long head of the biceps femoris had little phasic effect upon the hip joint when it acted as 
a motor of the knee, and conversely. We are led, then, to this general rule: when a muscle 
acts on two joints it is chiefly a spurt muscle to one and a shunt muscle to the other. 


THE REVERSIBILITY OF MUSCLE ACTION 


The effect of a muscle in moving a bone 
depends solely upon the moment of its con- 
tractile force taken about the axis of movement 
at the joint. The magnitude of this moment is 
independent of the direction of contraction of 
the muscle fibres, whether they act from the 








Fic. 3 ine : é 
ie origin or from the insertion. So far as spurt 
To illustrate the meanings of cisarticular length (C) Sea a 1. tl cles heref 
and transarticular length (T) of a muscle. See action 1s concerned, the muscles are therefore 
text. The axis of motion of the joint is indicated. reversible. But their shunt action is not 


reversible; for in general their cisarticular and 
transarticular lengths are unequal; and the greater the shunt effect when they act from 
anatomical origins, the less will be that effect when they act from anatomical insertions. 
The cisarticular length then becomes the transarticular, and conversely. This restriction 
does not hold for muscles which have sheathed tendons, nor for those which have lumbrical 
and interosseous tendons inserted into them. Apart from these exceptions, it appears that 
the spurt muscles which are prime movers, and shunt muscles which are joint approximators, 
interchange their rdles with reversal of their directions of contraction. That is to say, the 
musculature of a joint is mechanically reversible as a whole, but not by parts. 


THE RELATION OF GRAVITY TO THE MUSCULATURE 


The influence of gravity is a constant factor in our 
environment; and the power of muscles must overcome 
this force as well as move the limb. The weight of the 
parts moved by muscles may often be comparable 
with the maximal extraneous loads put upon them. 
This fact has to be kept in mind in attempts at numerical 
assessment of muscular force and efficiency. Weight- 





lifting tests measure the reserve power, rather than the : en 
absolute force, of the muscles and are thus analogous _¢° ‘The parallelogram of 
to the tests which an ophthalmologist makes upon the f forces of a joint at rest 


: J ere (or moving at minimal 
oculomotor apparatus of a patient suspected of squint. uniform speed). 


In all important cases the weight of the limb, with (W) Total load (weight of moving part 
or without an added load, is one of the two forces  0flimb plus extraneous load). (M) Mus- 
: : cular force required to keep the part at 
which have a resultant directed towards the centre of rest, shown acting through centre of 
the joint (Fig. 4). The other force is the resultant of  8tavity of the moving part. This is the 
, ; ‘ ; resultant of all the actual muscle forces 
all muscle forces in action at the time; it acts at the jn operation. (J) The resultant of the 
centre of gravity which varies with the total load, but other two forces, acting across the joint. 
a a , , : It is shown in the text to be equal in 
is fixed for any given load. We have thus the directional magnitude to the total load. 
lines of a parallelogram of forces which could be drawn 
to scale if the ratio J/W were known, J and W being the total shunt force and the total load 
respectively. The law which underlies the concept of this parallelogram is that musculature 


balances the pull of gravity whether the joint be at rest or in uniform motion. 
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It is an anatomical fact that the form and structure of a joint is such that the swinging 


far 
‘ful limb is not retained automatically; the active assistance of muscles is required: that is to 
lily say, the centripetal or shunt force which must be present when we have movement along a 
the curve, has to be supplied by the musculature.* In so far as this is true, the shunt force, J, 
asf will be constant during uniform movement. In accordance with the laws of physics the 
cle ; amount will be proportional to the square of the rate of turn of the bone about the axis of 
| the joint. 
4 What then is the value of J when the joint is not moving? It appears that it may be 
‘ equal to the total load, W. The argument is thus: there is a minimal possible degree of tonus 
ne of the musculature, consistent with security of the joint. When the arm is hanging vertically 
on- and this tonus is present, the part is on the threshold of ‘“‘ pendulum swing,” and the 
nt centripetal force which balances the weight is equal to W. This “‘ pendulum ”’ has its proper 
is rate of swing. A pendulum swings through a small arc, but the joint can be moved over a 
of large arc at the same rate and therefore with the same centripetal force as is proper to the 
he pendulum swing. That is, in the limit, when the joint is at rest the inward or shunt force is 
irt equal to the load (W) and ‘s constant for all positions of the joint. 
re ff It follows that when the weight of the part is acting vertically downwards upon the 
ot lL joint, as in the upraised forearm or on the ankle in standing, the prime movers or spurt 
nd muscles will be in minimal action. This is well known and has been applied admirably to the 
m F&F rehabilitation of cases of infantile cerebral palsy by Phelps and his school (Collis 1947). This 
1S. agreement between expectation and event does not of itself demonstrate the truth of the 
on argument. Further evidence of a confirmatory nature is available if the sequence of con- 
al : traction of the several muscles concerned with known movements is considered. 
at 
rs, 
he THE SEQUENCES OF MUSCULAR CONTRACTION 
Let it be assumed that the law stated above is true, and that the musculature of a joint 
which is at rest combines with gravity to give a force directed towards the joint along the 
bone, that force being the same for all positions of the joint. It will be the force which acts 
j centripetally throughout the slowest possible uniform movement of the joint. Any more 





rapid movement will require a greater shunt force to act along the bone. That force cannot 
be provided by the spurt muscles, for they would impart an acceleration along the curve as 
well as one along the bone. This possibility is excluded by the uniform nature of the movement. 
The only muscles which are available are the typical shunt muscles; that is to say, those_ 














with origins closer to the joint than the prime movers. Thus we should expect that the 
biceps, brachialis, pronator teres, and the brachio-radialis, would come into increased con- 
traction in that order, and this can easily be felt and seen to be the case. These four muscles 
: are, of course, contracted to some extent throughout the movement; it is an increase of 
al + . contraction which is to be looked for in each case. The difference between the order of 
contraction of the biceps and the brachio-radialis is most easily observed, as one would expect 
“4 on grounds of surface anatomy. The experiment is to be checked by asking the subject to 
ut place his hands upon, say, the top of a door and then to pull himself up slowly, by bending 
4 his elbows. The brachio-radialis will then be seen to come into marked contraction in advance 
>s 4 of marked contraction of the biceps, for the réles of spurt and shunt muscles have been 
4 reversed. It should be added that the ease of observation of muscular contraction in the 
n 4 first case (forearm “‘ free’) is much aided by making the subject raise a moderately heavy 
H weight. We can therefore summarise the réle of the musculature by saying that spurt muscles 
1 are also anti-gravity muscles in positions other than nearly complete extension; while shunt 
a ' muscles, as the name implies, have a special part to play in rapid swing at the joint. 
& 


* For practical purposes the arc of movement may be regarded as the arc of a circle. 


es 
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It is understood, of course, that moving the limb against gravity calls for acceleration 
at the start of the movement. Very often, such acceleration seems to be gained by no more 
than inhibition of the antagonistic fibres. An experiment is instructive; it has to be carried 
out upon the experimenter himself. Practise relaxing the muscles, especially those of the 
upper limb: in particular, let the arms hang heavily by the sides; sit—or better, stand—with 
the two arms hanging by the sides in that way; now “let them bend ”’ at the elbows; do not 
even try to “bend” them actively. If the shoulder muscles be relaxed completely the 
forearms will be felt to “ float ” upwards, much as if they were floating in salt water. The 
sensation is remarkable and quite different from that of deliberate flexion. It is possible to 
attain considerable angulation of the elbow in this way. The eyes should, if possible, be 
fixed upon a distant object so that the utmost detachment from the normal psychological 
concomitants of cubital flexion may be attained. 

The experiment may be repeated with the fists clenched. There will be a slight, but 
perceptible, increase in the speed of flexion of the elbow. The two experiments demonstrate 
the réle of shunt muscles; for clenching the fingers increases preliminary tone of the wrist 
and finger flexors which pass over the elbow, and these are part of the shunt musculature of 
the elbow. 

This account is not intended to be an exhaustive survey of muscular action; it is 
intended as no more than an introduction to the mechanism of the synovial joints, a mechanism 
in which the concept of spurt and shunt muscles will be seen to have a particular relevance 
and value. Attention has been given chiefly to aspects of muscular arrangement and action 
which have been treated either lightly or not at all in standard works upon the subject. 
The purpose of the writer will have been served if others are stimulated to question the 
statements made upon the grounds of fresh experiment. 


SUMMARY 


1. Muscles acting upon any joint can be divided into two principal groups: muscles of 
displacement or spurt muscles, and muscles of stabilisation or shunt muscles. 

2. Muscles which arise far from the joint are spurt muscles; those which arise near it are 
shunt muscles. 

3. The fibrous tendon sheaths are joint-stabilising mechanisms. 

4. The lumbrical and interosseous muscles are muscles of stabilisation of the digits. 

5. The arrangement of the musculature is such as to ensure a constant pressure across the 
joint cavity during rest or uniform movement. The necessary centripetal force during 
movement is supplied mainly by the shunt muscles. 

6. Experiments are described to illustrate these observations. 
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FROM AN ATLAS OF GENERAL AFFECTIONS OF THE SKELETON 


7. DIAPHYSIAL ACLASIS 


Synonyms—Multiple exostoses, Hereditary deforming chondrodysplasia 


H. A. THoMAS FAIRBANK, LONDON, ENGLAND 


The condition to which the name of diaphysial aclasis was given by Keith (1919), at 
the suggestion of a friend, is characterised by the presence of cancellous exostoses capped 
with cartilage, and by failure on the part of the periosteum to model the metaphyses of long 
bones in a normal manner. Diaphysial aclasis and dyschondroplasia are often regarded as 
variations of one and the same developmental error and they are frequently confused, but 
with little if any justification. Both result from a fault of the epiphysial plate—nests of 
cartilage becoming misplaced, instead of being calcified and ossified in the normal manner— 
but radiographically they are quite different and in the vast majority of cases they are 
distinguishable without the slightest difficulty. Exostoses are outgrowths of cancellous 
bone on the surface of the parent bone: dyschondroplasia, on the other hand, is characterised 
by columns or masses of cartilage lying inside the metaphyses; that is to say, the lesions 
are essentially endosteal. 

Hereditary and familial influences play a definite part in the incidence. Stocks and Barrington 
(1925) found evidence of hereditary factors in 65 per cent. of 1,102 cases. It may be 
transmitted by both males and females, and is said to affect about half the offspring of a 
person showing evidence of the condition. It has been traced through as many as five 
generations (Reinecke 1891). 

Sex—Of the reported cases, two-thirds are males. Age—Though sometimes present at 
birth, it seldom causes trouble before the age of six years and perhaps not till after growth 
has ceased. Etiology—The cause is entirely unknown. 

Incidence—The number of exostoses in a single patient may vary from one to a thousand 
(Stocks and Barrington 1925); one or two dozen are quite common. The size also varies 
considerably. A single exostosis may grow to a size sufficient to give rise to symptoms; and 
so may two or three exostoses in a multiple case although most of them remain too small to 
be of clinical importance. The bones affected chiefly, but not exclusively as suggested by 
Keith, are the long bones which are formed in cartilage with help from the periosteum. The 
exostoses project from the surface of the metaphyses or adjacent parts of the shafts, and are 
particularly common near the ends at which growth is greatest. The more recent the out- 
growth, the nearer it lies to the epiphysial line—the distance naturally increasing as the 
bone grows. Exostoses attached to the middle third of the shaft of a long bone—a site 
indicating very early origin—are rare. The epiphyses are never the seat of exostoses. The 





‘most common sites are the femur and tibia in the region of the knee joint, the upper end of 


the humerus, both ends of the fibula, and the lower ends of the radius and ulna. The pelvis 
(most commonly the ilia), the clavicles, sternum, spine, mandible, ribs (anterior ends), carpus, 
tarsus, and scapulae, show outgrowths less frequently. Exostoses are seldom seen in the 
neighbourhood of the elbow joint. In the spine it is the neural arches that are affected, and 
only very seldom a vertebral body; spinal exostoses are usually small. The author has seen 
only two cases with large exostoses of the spine. The metacarpals and phalanges may show 
small projections from the cortex, usually close to the epiphysial lines, though occasionally 
nearer the centre of the shaft; but the changes are insignificant and they are in sharp contrast 
to the crippling deformities of the fingers which are often produced by the enchondromata 
of dyschondroplasia. In a few cases exostoses have been described on the sternum, and in the 
sub-occipital and mastoid regions of the skull: they may even occur on the vertex of the skull, 
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when they are said to be similar to isolated cranial osteomata (Stocks and Barrington 1925). 
Dwarfing—There is often, but by no means always, a varying degree of general dwarfing. 
There may be inequality in the length of the limbs, though it is not always the more affected 
which is the shorter. 

Symptoms and signs—Most of the exostoses cause no symptoms, but a few, from 
their size and position, give rise to some discomfort in surrounding structures. For instance, 
an exostosis on the inner side of the femur or tibia may cause inconvenience by pressure 
against the other leg, or against a saddle during riding. A muscle or tendon may slip to and 
fro over the bony projection and produce an inflammatory reaction in the bursa covering 
the cartilage cap. Occasionally, abrupt slipping of a tendon produces a snap, and this may 
even cause temporary “ locking ’’ of the adjacent joint. Advice may be sought by reason 
of pain, impaired function, size of the growth, or deformity; and, in quite exceptional cases, 
interference with a nerve or artery. Very occasionally paraplegia has resulted from the 
pressure of a vertebral exostosis, usually one situated in the cervical region. In common 
with certain other conditions, the ulna is often unduly short, with its lower end imperfectly 
developed and with an exostosis projecting from the lower third of one or both forearm bones. 
The shaft of the radius is curved and the head of the bone is not infrequently dislocated. 
Even when there is no such dislocation, the relative position of the humeral condyles may 
be abnormal. The lower articular surface of the radius is tilted inwards, and there is displace- 
ment inwards of the carpus but usually without ulnar deviation of the hand. Deformity of 
the forearm may be unilateral or bilateral. The fibula may be short, but much less frequently 
than the ulna. Shortening of the fibula is more often obvious at the upper end than at the 
lower, unaccompanied by deformity of the tibia. The lower ends of the tibia and fibula, 
distorted by bony outgrowths, are sometimes said to be fused, but if true fusion occurs at 
all it is very rare. 

Radiographic appearances—Radiographs show that individual exostoses have broad bases 
fused with the shaft of the parent bone. Some are sessile projections, but when the exostosis 
is well formed the shape is always characteristic: on the side nearer the centre of the shaft 
the projection of bone rises abruptly, almost at right-angles to the surface of the shaft, 
whereas on the other side it slopes gradually towards the epiphysis. The apex is directed 
towards the centre of the bone, and though occasionally ending in a sharp point it is more 
often rounded, with a tendency to become enlarged or mushroomed. Sometimes the 
enlargement is irregular and resembles a cauliflower. An important additional feature, often 
absent when there are no more than one or two exostoses but always seen when these are 
numerous, is irregular enlargement and abnormal shape of the metaphyses and adjacent 
parts of the shafts. The periosteum has failed to model the bone properly, and the normal 
trumpet-shape of the end of the shaft is distorted and often lost. Occasionally, exostoses on 
the superficial and deep surfaces of an enlarged metaphysis may produce such irregularity 
in density of the radiographic shadow as to suggest cavitation of the bone, and possibly lead 
to an erroneous diagnosis of dyschondroplasia. 

Pathology—As already indicated, two abnormal processes are concerned in diaphysial 
aclasis. One or more fragments of cartilage from the margin of an epiphysial line, becoming 
isolated on the surface of the metaphysis, proliferate and form exostoses; and the periosteum, 
which is incomplete at the sites of these cartilaginous “ nests,”’ fails to model the metaphysis 
in a normal manner. It was this periosteal failure which first suggested the word “ aclasis ”’ 
in the title. 

Histological examination—On section, an exostosis is seen to consist of cancellous bone, 
directly continuous with the parent bone, the apex being covered with a cap of cartilage 
from which it grows and which merges with the thickened periosteum surrounding its base. 
The cartilage cap is covered by a bursa which may become enlarged as a result of recurrent 
injury from an adjacent muscle or tendon. When an exostosis is large, and shaped irregularly 
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like a cauliflower, the cartilage instead of forming a smooth cap dips into all the crevices, 
with the result that section shows an apparently indiscriminate mixture of bone and 
cartilage. In one case of multiple exostoses with excessively large outgrowths from the 
posterior surfaces of the upper ends of both tibiae, and another of a solitary, large exostosis 
growing from the neural arch of the fourth lumbar vertebra, the author found on section 
nodules of cartilage, some of them calcified, buried in the loose cancellous bone of the 
exostosis. This unusual finding does not, however, seem to warrant the assumption that in 
such cases there was a combination of the two conditions, diaphysial aclasis and 
dyschondroplasia. 
Progress and complications—Though an exostosis may enlarge slowly throughout the 
time that the shaft continues to grow, the rate of growth of different exostoses in a multiple 
case seems to vary considerably. Many show little, if any, change over a period of years, 
whereas two or three may reach a size capable of causing inconvenience. Occasionally one 
will grow to a considerable size, the enlarged head becoming irregular and even branched. 
Such changes usually occur in a solitary exostosis, particularly if it is growing from the 
scapula or pelvis. In the vast majority of cases, when growth of the skeleton ceases and the 
adjacent epiphysis fuses with the shaft, the exostosis ceases to grow and the cap becomes 
ossified. Occasionally, however, the cartilage on one of the exostoses may continue to 
proliferate and become so active as to form a rapidly enlarging chondromatous tumour. On 
section, foci of calcification and ossification may be found in the substance of the tumour. 
Enlargement of an exostosis may be delayed for many years and then begin suddenly, long 
after growth should have finally ceased. The rapidity with which there is increase in size of 
some of these chondromata, or osteo-chondromata as they often are, naturally raises the 
question of possible malignant change. Careful microscopic examination after biopsy, or 
even of the whole tumour after it has been removed, does not always settle the question with 
certainty. Willis (1948) considers that the solitary exostosis—‘‘ the commonest tumour of 
the skeleton ’’—should be regarded as an osteoma and not simply as a solitary type of the 
multiple condition, and he remarks that it is “‘ not unusual for it to develop a chondro- 
sarcoma.’ 

Geschickter and Copeland (1936) reported malignant change in 7 per cent. of 262 cases 
of exostosis, but many of the cases they included do not appear to be examples of the 
condition which is now being discussed. Jaffe (1943) in a small series of twenty-eight cases 
gave the frequency of malignant change as 11 per cent. There must of course be many cases 
of true exostoses which are seen by clinicians, and even operated upon, which never come to 
the knowledge of pathologists; and it would seem wise, at present, to admit that although 
the fact of occasional development of a chondro-sarcoma from the cap of an exostosis must 
be accepted, the frequency of this complication is unknown. Some cases are undoubtedly 
malignant (Platt 1931, Gardner 1937), the bones most likely to be involved being the femur, 
the scapula and the pelvis. It is not always easy to determine whether a large chondromatous 
or chondro-sarcomatous tumour has arisen endosteally or in the cartilage cap of an exostosis. 
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CASE 1—DIAPHYSIAL ACLASIS 


(Figs. 1-4). Woman, twenty-one years of age. Deformity of forearms noticed at the age of 
eleven years, with some thickening of the fingers six months later. There were large numbers 
of exostoses in the usual situations throughout the skeleton. One metacarpal, and a few 
phalanges, showed small bone outgrowths. No material change seen in radiographs during 
the past eight years. 


Fic. 1 Fic. 2 
Case 1. Forearms. Note the shortening, curvature, and pointed Case 1. Left leg, age thirteen 
lower extremity of both ulnae, and secondary curvature of the years. Short fibula with 
radii. Small exostoses are seen near the lower ends of all four Se 
. striking enlargement o 
bones, and also at the upper ends of both ulnae—an unusual site. — ee Sa 
The difference in length of the two bones is also seen at their upper metephysis,. Apeernt 
paper tae sam: seersflaes spt ted oa oneal ss fusion of the tibia and fibula, 
upper ends where it has disturbed the relative positions of the 


above and below, is probably 
trochlea and capitellum in both elbows. due to overlap of shadows. 
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Fic. 3 

Case 1. Right shoulder, showing several exostoses of the sharp, pointed variety, directed 

towards the centre of the shaft. General want of modelling of the metaphysis is not very 

marked. An exostosis is seen on the second rib (no similar projection was seen on the 

corresponding rib on the left side so that the bone thickening may not be due to the 
attachment of the serratus magnus). 
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Fic. 4 

Case 1. Right knee. The lower femoral metaphysis shows irregular enlargement, with loss 

of the normal trumpet-shape, and with exostoses projecting from its surface. Note the 

characteristic shape of the exostoses which are inclined towards the centre of the shaft. 
An exostosis on the inner aspect of the tibial head appears to have been fractured. 
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CASE 2—DIAPHYSIAL ACLASIS CASE 3—DIAPHYSIAL ACLASIS ; 
(Fig. 5.) Adult male with exostoses (Fig. 6.) Specimen of the femur of a man ; 
affecting both humeri at about the same aged about fifty years, with a mushroomed ; 
level, namely the mid-shaft—an unusual exostosis growing from the lower metaphysis, H 
position. which shows little want of modelling. 
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Fic. 5 Fic. 6 


Case 2. Humeri, showing sessile exostosis on the right; and Case 3. Specimen in a man 
a pedunculated exostosis of characteristic shape on the left. aged about fifty years. 
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CASE 4—DIAPHYSIAL ACLASIS 


(Figs. 7 and 8.) Woman, aged forty-seven years. She reported that she had sustained an 
injury to the left knee six months ago. The symptoms were regarded as being due to trauma, 
and not connected with the presence of exostoses which were principally in the region of the 
knee joints. Only one forearm was deformed. 





Fic. 7 Fic. 8 


Case 4. The left knee joint (Fig. 7) shows imperfect moulding of the femoral metaphysis with two 

minute exostoses. There are other exostoses arising from the tibia and fibula. There is evidence of an 

old fracture of the tibial spine. The left forearm (Fig. 8) shows marked shortening of the ulna, and 

deformity of the radius, with distortion and subluxation of the radial head. Note that the carpus is not 
tilted inwards by the radial deformity. 
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CASE 5—DIAPHYSIAL ACLASIS—with unusual features 





(Figs. 9-11.) Male, aged eighteen years. Height, 5 feet 7 inches. Lumps on legs were first 
noticed when he was twelve months old, thereafter gradually growing larger. No symptoms 
until recently. Complains of pain in the right thigh on walking. Twice in the last few months, 
while cycling, the right knee “‘ clicked ”’ and he was unable to bend it. On one occasion the 
knee locked in extension for a month, movement being regained gradually. Exostoses 
were present on most of the bones including the pelvis, clavicles, several ribs, phalanges, 
metacarpals, and metatarsals. Even the os calcis in each foot was abnormal in shape, with 
an exostosis on the left. The enlargement of the upper part of the calves was enormous,even FF 
grotesque. The right ulna, and both fibulae, were short. Exostoses were removed from the 
right femur and both calves. The tumours in the calves were quite unlike the usual cancellous : 
exostoses; they consisted of open-mesh bone, with the spaces filled for the most part with i 
mushy, gelatinous, and mucoid material, containing here and there patches of cartilage and 
















calcified cartilage. 


2 





Fic. 9 


Case 5. Hands, showing small exostoses of several phalanges and some metacarpals. The left ulna is 
of normal length. The fourth metacarpal of the right hand is short. 
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6 ¢ Case 5. Antero-posterior view of the 
i right knee and calf, showing that all 
1S three bones are affected. The size 
h and irregularity in density of the 
; tibial growth is striking. The clear 
id area in the tibia, sharply defined on 
one aspect, is rather suggestive of 
cavitation, but at operation this 
was disproved. 
| 
Fie. 11 
Case 5. Left knee showing an exostosis on 
the posterior aspect of the femur, and an 
: extraordinarily large outgrowth from the 
back of the tibia. Note the extensive 
attachment of the growth to the tibia, its 
nodular surface, and the great irregularity 
in density. Part of the opacity is due to 
a growth on the fibula. 
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8. DYSPLASIA EPIPHYSIALIS PUNCTATA 


Synonyms—Stippled epiphyses, Chondrodystrophia 
calcificans congenita (Hunermann) 


The chief characteristic of this rare disorder of infancy is the presence of a number of 
discrete centres of unusual density in many cartilaginous epiphyses and apophyses. Attention 
was first called to the condition by this author in 1927, two cases being reported briefly. 
In 1935 he classified it under the title ‘‘ epiphysial dysplasia puncticularis,” this being one 
of two which, at his request, were suggested by the late Sir Frederick Still. The alternative 
adjective—punctata, which is no less descriptive and was also suggested independently by 
Dr Parkes Weber (see Bateman 1936), seems to be preferred in this country and it has 
therefore been adopted. Details of eight further British cases are now available, all but one 
of which have been published by various authors. Other cases have been reported under 
the title of ‘‘ stippled epiphyses ’’ but the published radiographs do not seem to justify their 
inclusion in this group. Further search has disclosed an undoubted case reported by Conradi 
in 1914 under the title of “‘ chondrodystrophia foetalis hypoplastica.’’ A few other cases 
have been reported in the literature of other countries, the title favoured being 
‘‘ chondrodystrophia calcificans congenita ’’ (Hiinermann 1931). In all, we have some sixteen 
cases for study. 

Hereditary and familial influences—There is no evidence of hereditary influence and seldom 
of familial influence in the incidence of this condition. Sex—Females are affected more 
frequently than males in the proportion of more than two to one. 

Age—Fourteen cases were discovered within the first nine months, and some within the 
first few days of post-natal life. Only two cases were over two years of age: one of these 
was alive at nine years. The dysplasia undoubtedly begins in foetal life. 

Etiology—The cause of the condition is unknown. 

Clinical signs—Dwarjing of the short limb type is usually, if not invariably, present. The 
proximal segments of the limbs are particularly short. Of two cases in which the changes 
were apparently confined to one lower limb, in one at the age of four weeks the affected limb 
was short; while in the other, though the legs were equal in length at sixteen months, there 
was one and a half inches of shortening at the age of nine years. Unfortunately full details 
are not available in either of these cases. The affected epiphyses are definitely enlarged. 
Contractures—Flexion of certain joints, with a varying degree of limitation of movement, 
was present in several cases; the hips, knees, and elbows being the joints particularly affected. 
In one knee the head of the tibia was subluxated. The wrists were held in a flexed position 
in one case; and there was ulnar deviation of both hands and rigidity of the wrists in another. 
In yet another case there was contracture of the fingers. In two cases the hands were 
described as being long as compared with the forearm; but in another the fingers were blunt, 
and inclined to the accoucheur position. The feet in one case were rigid although the tarsal 
bones were not stippled. In one case with involvement of a single leg the foot was valgoid 
and stiff. In two cases the limbs were said to be ‘‘ spastic’ but without further details, 
while in a third the reflexes were much exaggerated. Thickening of the skin is mentioned by 
some German authors. In Bateman’s first case, the skin of the palms was deeply furrowed 
and adherent to the deeper tissues, particularly in the right hand which could not be opened 
completely. The head has shown no characteristic features, being variously described as 
normal, rather large, globular, suggestive of oxycephaly, bossed, and even microcephalic. 
The fontanelle is large. The nose in some was broad and the nostrils large. Bilateral congenital 
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cataract has been a conspicuous feature of the British cases, being found in six of the ten. 
Only in one of the cases reported in the literature of other countries is cataract mentioned. 
Intellect appears to be distinctly dulled, sometimes to the extent of mental deficiency. 
General weakness, failure to thrive, and in one case, cyanosis, were responsible for the patients 
being taken to hospital. Blood examinations have revealed nothing of interest. 
Radiographic appearances—In radiographs the epiphyses generally are stippled, as if 
ossifying from many separate centres, the appearance being suggestive of that produced by 
flicking paint from a brush on to a clean surface. The spots vary in size, but most of them 
are minute and usually discrete. They also vary considerably in number, and are not always 
more numerous in older than in younger children. There is evidence that in some cases the 
spots may become gradually smaller and fewer in number (Hiinermann 1931, Hassler and 
Schallock 1940, and Jorup 1944). On the other hand they may show a tendency towards 
fusion, with the formation of a single, more normal, centre of ossification. Often they appear 
at an earlier date than that at which ossification normally begins in the epiphysis concerned ; 
and they may appear too early by several years. For instance, multiple centres were seen 
at the upper end of the ulna in a number of cases, and in all these the olecranon epiphysis 
should not have been visible for some years. Abnormally early ossification, stippled in 
character, was also seen in the lower humeral epiphysis, the radial head, the floor of the 
acetabulum, the ischial tuberosity and the neck of the scapula. Occasionally the carpus, 
tarsus and patella also showed signs of premature ossification. Even though ossification 
in some epiphyses or in the carpus may proceed normally, without stippling, these centres 
may have appeared unusually early. 

The epiphyses most frequently showing the typical stippled appearance are those of the 
upper and lower ends of the femur, upper end of the tibia, and upper end of the humerus. 
The lower end of the tibia, both ends of the fibula, the lower ends of the radius and ulna, 
and the bones of the hand, are much less frequently affected. This affection differs strikingly 
from bone dysplasias generally in so far as characteristic changes are often shown in the 
region of the elbow joint, multiple centres being found at the lower end of the humerus and 
in the radial head, as well as in the olecranon. In at least four cases the femoral condyles 
showed a curious appearance, the spots of ossification being arranged around the periphery 
in a curved line: in two of these the outer condyle only was outlined in this way, the inner 
showing just a few central spots. In a case with involvement of one lower limb, there was 
at sixteen months an irregular mottled centre for the lower femoral epiphysis with, in addition, 
a separate group of small discrete centres for the medial condyle: at nine years, this epiphysis 
and that for the adjacent tibial head, though both somewhat larger than the corresponding 
centres of the opposite leg, were approximately normal in outline and density. 

In Lightwood’s case (1930), more or less normal centres were present in the lower 
femoral epiphyses close to the metaphyses, with additional stippled centres nearer the 
articular surfaces of the condyles. The stippling at the ends of the long bones is inclined to 
be erratic, spots being sometimes seen where no part of an epiphysis should be found, and 
perhaps absent where ossification should have begun. It is often difficult to decide the correct 
allocation of the bony spots, particularly if there is contracture of the knee or elbow joints 
and the shadow of the proximal bone is foreshortened. 

In at least two patients the proximal ends of the ribs were stippled, and this in spite of 
both being infants. In the same two patients the thyroid cartilage showed signs of ossification, 
and in one the hyoid was stippled. Apart from stippling in the acetabulum and ischium, 
already referred to, the pelvis, with one exception, was fairly normal in shape and appearance. 
Stippling has not been seen in the iliac crests. In two patients, aged four months and three 
weeks respectively, the symphysis showed a median dense vertical line of calcification, and 
in both wrists there was a single dense centre well to the inner side of the carpus. A similar 
curiously placed centre near the carpus was also seen in the first case reported by Bateman 
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(1936), but in this case two unstippled carpal bones were visible—the capitate and hamate. 
Stippling of the vertebrae was apparent in several cases, and of the sacrum in four. In at 
least two cases, each vertebral body was ossifying by two separate centres, one in front of 
the other: one of these (Lightwood 1930) was examined histologically by Professor H. A. 
Harris (1933). In a case published by Hassler and Schallock (1940) only a single centre was 
present for each vertebral body, but stippling was seen in some of the intervertebral discs. 
These authors also reported calcification in the tracheal rings, in the skin, and even in 
synovial membrane. 

The shafts of the femora and humeri, and occasionally of the tibiae, are decidedly short 
and thick, the ends being splayed to a marked degree with an irregular surface at the 
epiphysial line. At the upper ends of the femur and humerus the enlarged metaphysis often 
terminates in an oblique surface of considerable extent, being bevelled off on the inner side. 
In such cases it is difficult to visualise the cartilaginous epiphysis, and to identify the 
anatomical site of the dense spots correctly. At the upper end of the femur, for instance, the 
position of the spots sometimes suggests that the greater trochanter is ossifying before the 
head of the bone. The position of the femur in relation to the pelvis may suggest dislocation 
of the hip, this being recorded in at least three cases (Lightwood 1930, Hassler and Schallock 
1940). In several, the upper end of the ulna seems to be unduly prominent, as if it were 
subluxated inwards: in others, the lower end of this bone may be bevelled off on the outer side. 

The condition of the tarsus varies: ossification may be entirely by stippled centres; or 
the talus and calcaneus may be normal and only the heel apophysis show marked 
stippling long before ossification begins normally. In two cases this apophysis appeared in 
a lateral radiograph as a vertical line, a considerable distance behind the calcaneus. In one 
case, with changes confined to one leg, the front and back parts of the talus, and the medial 
cuneiform, were stippled; while the calcaneus, navicular, cuboid, and the greater part of the 
talus, were of normal density. Irregularity of the outline of the tarsal bones may be the only 
abnormality seen in the foot. 

In one typical case at the age of three weeks (Hilliard 1943), the base of the skull was 
abnormally dense, and the shafts of some of the long bones, notably the tibiae and the 
metacarpals, showed triangular dense areas towards each extremity, while the talus and 
calcaneus, the only two tarsal bones ossified, showed a circular line, slightly more dense than 
the remainder of the bone, similar to that sometimes seen in osteopetrosis and in chronic 
poisoning by certain chemicals. 

Progress—aAt present it is impossible to say what the ultimate condition of the epiphyses 
may be, because no late reports of a case showing generalised changes are available. In the 
monomelic case already referred to, which was re-examined at the age of nine years, there 
was clear evidence of fusion of the discrete centres of ossification which had been present at 
an earlier age, and of general improvement in the appearance of the epiphyses. However, 
the ankle joint showed gross abnormality in the contour of the bones, and a narrowed and 
irregular joint space suggestive of arthritis. The femoral head was enlarged and less convex 
than normal, and the femoral neck was short and wide. 

Early death—Half the patients are known to have died, all but one before reaching the age of 
twelve months. The causes of death were infections involving the lungs or kidneys, and 
miliary tuberculosis; while in one case death occurred suddenly for no reason which was 
discovered. 

Pathology—Harris (1933) reported patchy mucoid degeneration and cystic spaces in the 
cartilaginous epiphyses, particularly near the articular surfaces. In some places the areas of 
degeneration were invaded by blood vessels, and a core of fibrous tissue had formed. In the 
vertebral bodies which ossified from two centres, there was failure of the usual orientation 
of cartilage cells, and of normal calcification and ossification. Harris insists that the 
fundamental error is similar to that which he found in achondroplasia. 
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Hassler and Schallock (1940) made an exhaustive study of a child with this disorder 
who died a few days after birth. They found eurious circumscribed, polymorphous deposits 
of chalk in the cartilage; and, near these, larger confluent areas of calcification. In other 
parts, new bone formation was replacing the chalky areas. They also found diminution of 
the zone of ossification between bone and cartilage at the epiphysial lines. In places this 
zone had disappeared completely. 

Conradi (1914) illustrates star-like foci of calcification in the cartilage. In the child 

reported by Lund (1942) who died at the age of four months, the muscles were found to be 
replaced largely by tough fibrous tissue which apparently accounted for stiffness of the 
joints. In this case also, histological changes in the bones were said to resemble those of 
achondroplasia. 
Diagnosis—This must depend on radiographic examination. Discrete stippling, as opposed 
to the mottling and epiphysial irregularity seen in dysplasia epiphysialis multiplex, and also 
sometimes in cretins, is quite distinctive. If a case could be followed for a few years, and the 
spots of ossification were given time to fuse, the distinction would probably become more 
difficult. In a doubtful case, the diagnosis is made easier if there is bilateral cataract. 


I wish to express my thanks to friends and colleagues who have supplied me with details of their cases. 
Figs. 12 and 15 are reproduced by courtesy of the British Journal of Surgery. 
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CASE 6—DYSPLASIA EPIPHYSIALIS PUNCTATA 


(Fig. 12.) Child, aged one month, with congenital shortening of the right leg. The child 
died at age of nine months. 
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Fic. 12 


Case 6. Right lower limb, showing typical stippling of most of the epiphyses and of the tarsal 
bones., Note that there are two separate groups of ossific centres for the femoral condyles. 
The tibial head is subluxated 


THE JOURNAL OF BONE AND JOINT SURGERY 






119 





DYSPLASIA EPIPHYSIALIS PUNCTATA 












-CASE 7—DYSPLASIA EPIPHYSIALIS PUNCTATA 
(Figs. 13-16.) Female child, aged two and a half years. Parents normal. Failed to develop 
normally from birth. Mentally dull. Double congenital cataract. Marked bossing of skull. 
Fontanelle closed. Enlargement of epiphyses. Beading of ribs. Fingers have blunt, square 

extremities. Limitation of movement of knees and elbows. Wassermann negative. Thyroid 

administration gave no improvement. Gradually wasted, and died of pneumonia when aged 
three and a half years. (Under Dr Eric Pritchard.) 








Fic. 13 
Case 7. Right leg showing typical appearances: 
femoral shaft short, thick, and strong, with metaphyses 
splayed and the epiphyses stippled. Note the stippling 
in the ischial tuberosity as well as in the acetabular cup. 














bic. 14 


Case 7. Pelvis and hips showing curious shape of the ilia, and, on each side, 
stippling of the acetabulum and upper extremity of the femur. 
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Fic. 15 


Case 7. Left upper limb showing stippled epiphyses, thick shafts 

of the long bones, premature ossification of.the olecranon from 

many centres, and marked bevelling on the inner side of the 
upper end of the humerus. 


Fic. 16 


Case 7. Feet showing irregular shape of the tarsal bones, a little stippling in the heel, 
and premature ossification of the calcaneal apophyses. 
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CASE 8—DYSPLASIA EPIPHYSIALIS PUNCTATA 

(Figs. 17-19.) Girl, aged four months. Very feeble. Large head; distended veins; fontanelles 
widely open; nose depressed. Limbs short, particularly the proximal segments. Hips, knees, 
and elbows flexed and cannot be extended fully. Feet “ solid.’ Ulnar deviation of hands. 
Wrists stiff. Reflexes accentuated. Blood chemistry normal. Bilate1al congenital cataract. 
Died during a feed, for no discoverable reason. (Under Dr W. G. Wylie. Case reported by 
Dr E. Lund, 1942, under another title.) 


Fic. 17 
Case 8. Pelvis and femora, showing central linear ossification in the symphysis, 
premature stippled ossification of the ischial tuberosities and of the acetabular 
floor, short thick femora (partly due to fore-shortening) and general stippling of 
the shapeless upper extremities. 


Fic. 18 Fic. 19 
Case 8. Forearms showing the curious densely ossified spot to the inner side of each wrist joint. Stippling 
in the region of the elbow, including premature ossification in the radial head, can just be seen. 
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CASE 9—DYSPLASIA EPIPHYSIALIS PUNCTATA 
(Figs. 20 and 21.) Male child, aged eleven months—only child of normal parents. Limbs | 
short, particularly the proximal segments. Limitation of movement of hips. Double congenital | 
cataract. Died within a few weeks of acute miliary tuberculosis. (Under Dr R. C. Lightwood 
who published the case in 1930.) 





Fic. 20 
Case 9. Left upper limb showing short, thick humerus with splayed metaphyses and bevelling 
on the inner side of the upper metaphysis, and subluxation inwards of the ulna at the 


elbow, in addition to stippling at the shoulder and elbow. § 





/ 


Case 9. Pelvis and femora showing typically short, thick femora with bevelled upper 
extremities and stippling of epiphyses at both ends. Note the apparent dislocation of the 
hip joints and the premature ossification of the greater trochanters. The lower femoral 
epiphyses show centres close to the metaphyses, in addition to stippling confined to the 
outer condyles. 


Fic. 21 
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CHilliam John Little 


Orthopaedic surgery was one of the earliest specialities to emerge in England but its 
evolution was slow and gradual. In our own day we have witnessed the growth of special 
branches of surgery from infancy to maturity; but it required more than a generation to 
bring orthopaedic surge1y to full stature. It started at the beginning of the Victorian era 
and, like many another movement, owed its inspiration to the leadership of one man, in 
this instance William John Little. He was afflicted with a deformity of the foot due to 
infantile paralysis and, being compelled to contemplate his own disability and seek its cure 
in vain, he was aroused to the misery of thousands of cripples here in England. He came 
from Norfolk farming stock who had lived for many generations in and about the village of 
Carbrook near Kimberley. His father, John Little, migrated to London and eventually 
became proprietor and host of ‘‘ The Red Lion” in Aldgate, a famous hostelry which was 
haunted by the memories of Dick Turpin who had often called there. 

William John Little, the third child of his parents, was born on August 7, 1810. His 
earliest recollection recalls a fragment of social history which can be read with appreciation 
to-day: ‘‘ The year 1814—15 was remarkable in my child-history. The long war of over twenty 
years with France was terminated, but it left a heavy burden of debt upon our nation. Scarcity 
of food was experienced by the poorer classes on and off during the war. Bread riots occurred 
during the Autumn and Winter of 1814. I remember seeing the most riotous crowd of people 
being driven uninjured along the remarkably wide High Street of Whitechapel eastwards by 
a body of cavalry soldiers apparently from the City. Afterwards, during the winte1 of 1814-15, 
the 10th Hussars were lodged in the district, their headquarters being at my father’s house, 
the Red Lion Inn. They occupied all above the ground floor which was not required by the 
family. I must have been a highly privileged little person, often admitted into the drawing- 
room which was occupied as the day-room of the officers, some ten or a dozen in number. 
The Colonel often took me on his knee. I well remember that in the Spring of 1815 the 
Regiment’s Route had come, and was informed of the road by which they were leaving via 
Essex to embark for the Continent at Harwich. The Colonel (Clinton) kindly took me on his 
knee, patted me, condoled with my regret upon their leaving and told me that he hoped to 
return and see me again. I expect he was a family man, and was thinking of his own family 
as he was again about to set out on Foreign Service. The contest at Waterloo took place on 
the following 18th June. ... The year 1814-15 was in many ways a remarkable one and 
forcibly impressed itself on my mind and memory. ... It was also during the Spring of 1814 
(February) after three months of frost that the Thames in London was solidly frozen up 
above and below London Bridge when a fair was held on the River. My father took me to 
the fair and I believe that I remember the gingerbread stalls and the preparations for, if 
not the roasting of, an ox.” 

When he was four years old Little suffered from infantile paralysis. The antero-external 
group of muscles of the left leg were completely paralysed, leading to contracture and talipes 
equinovarus. His young school companions in England gave him the nickname “ lame duck ” 
and in France “ canard boitu.’’ He attended a day-school at Goodman’s Fields and acquired 
knowledge of French, as well as of English grammar and arithmetic. About this time he 
and his father went to Paris, spending two days on the sea-crossing. Both arrived at Dieppe, 
prostrate with sea-sickness. After two years at the day-school he spent some years at a school 
at St Margaret’s, near Dover, and at the age of thirteen entered the celebrated Jesuit College 
of St Omer, near Calais. Here he distinguished himself by winning, against native competitors, 
the prize for French composition. He afterwards spoke highly of the management of the 
College, and of the instruction and kindness which he received; the Fathers made no attempt 
to convert the young protestant. 
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On leaving St Omer he decided upon a medical career. For two years he was apprenticed 
to James Sequeira, a surgeon-apothecary of Aldgate whose family became well known in 
the medical world. In 1828 Little entered as a student at the London Hospital where Sir 
William Blizzard was then lecturing on Surgery. He also attended classes at the Aldersgate 
School of Medicine, where Robert Grant of University College lectured on Anatomy and 
Thomas Hodgkin of St Thomas’s lectured on Pathology. In 1831 he qualified by obtaining 
the Licence of the Apothecaries Company and the next year received the diploma of Member- 
ship of the Royal College of Surgeons. In 1832 the committee of the London Hospital decided 
to send Dr Frederick Cobb, one of their physicians, to investigate an outbreak of Asiatic 
cholera at Tyneside. Dr Cobb took Little with him and both set out by coach, in wintry 
weather, for Newcastle. 

From the time he began to study medicine Little sought a means of curing, or at least 
minimising, the disability for which he had been obliged to wear a leg appliance. His hopes 
were raised by reading in Cruveilhier’s “‘ Anatomie Pathologique,”’ of Delpech’s improved 
method of dividing the tendo Achillis in a case of club foot. He begged Sir Astley Cooper 
and other surgeons to perform the operation upon his own tendon, but none would consent 
because of the risk of diffuse suppuration and sloughing. Since Delpech did not repeat the 
operation it seems that he was not pleased with the result. Little’s hopes were, however, 
revived by reading in the “ Archives Generales de Medicine’ that Dr Louis Stromeyer of 
Hanover had proposed important modifications of Delpech’s plan and treated two patients 
successfully. Little decided to go to Germany and learn for himself, taking with him a letter 
of introduction from Robert Grant to Johannes Muller. In 1835 and 1836 he visited Leyden, 
Leipzig, Dresden, and Berlin, and made contact with several distinguished surgeons and 
anatomists. He found that there was no more enthusiasm for the operation in Germany 
than in England. However, Professor Muller and Professor Froriep of Berlin considered that 
Stromeyer’s operation was based on sound anatomical and surgical principles. Thus 
encouraged, Little went to Hanover and placed himself under the care of Stromeyer who 
divided his tendo Achillis, gradually corrected the deformity of the foot, and gained a 
successful result. Little was more than pleased with the treatment. Stromeyer gave him the 
opportunity of performing subcutaneous tenotomy himself. The operation of Delpech had 
been done through a one-inch incision on each side of the tendo Achillis, and it was therefore 
liable to infection. On the other hand Stromeyer’s operation was truly subcutaneous, performed 
through a single tiny puncture—the only method with any claim to safety in the pre-Listerian 
era. Little returned to Berlin. He showed his cured foot, and demonstrated Stromeyer’s 
operation, to both Muller and Diffenbach and convinced them of the great advance initiated 
by this new procedure. He impressed them so much that he was allowed to dissect many 
deformed foetuses in the Berlin museum. An account of these researches, and of the treatment 
of talipes varus, including that of his own case, were embodied in a Latin thesis entitled 
‘‘Symbolae ad Talipedem Varum Cognescendum ”’ for which he was awarded the degree of 
Doctor of Medicine of Berlin. 

Little returned home and carried out the first subcutaneous tenotomy in London on 
February 20, 1837, the year that Queen Victoria came to the throne. This was the beginning 
in England of a serious attempt to deal with deformity by operation and manipulation. The 
treatment of club foot had been neglected, and Little threw himself with great ardour into 
the task of rousing the profession. Patients quickly came his way; he gained experience ; and 
in 1839 he published his treatise on ‘‘ Club Foot and Analogous Distortions.”” He described 
in detail the varieties of talipes and their treatment by operation, manipulation, and splinting. 
In this book the deformity “ talipes cancaneus ’’ was so named and described for the first 
time—“ bearing the same relation to T. valgus as T. equinus bears to T. varus.” This classic 
was the first frankly orthopaedic work to be published in this country. On July 3 the same 
year he was elected assistant physician to the London Hospital. He had become a Licentiate 
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of the Royal College of Physicians. He was also appointed Lecturer on Comparative Anatomy 
and Physiology, and later Lecturer on Medicine. His position as a consulting physician who 
practised tenotomy was somewhat anomalous but he was strongly advised by friends and by 
his teacher, Dr Archibald Billing, that there was no impropriety in so doing. Throughout 
his professional career he practised no less as a medical consultant than as an orthopaedic 
surgeon; but his combination of both may have influenced the delay of his election to the 
Fellowship of the Royal College of Physicians. 


The problem of the cripple had been present to his mind from boyhood, but it gathered 
force with increasing knowledge of the unhappy plight of thousands of cripples left to their 
fate. He had found himself in possession of a remedy, and it became insistent in his mind 
that the remedy should be put to the service of the community. He dreamt of an institution 
for the study and treatment of cripples, and to this project he applied all his energies. After 
spending two years in collecting funds and finding a site, the Orthopaedic Infirmary was opened 
in 1840 in Bloomsbury Square. Lord Chancellor Eldon was chairman. This was the first 
hospital in Britain to be devoted solely to the study and treatment of disabilities of the 
limbs and spine and in which the word Orthopaedic was incorporated in its name. It was 
something new; and it was an outward and visible sign that a special branch of surgery was 
emerging. It attracted such public support that greater accommodation soon became 
necessary. A large mansion on the north side of Hanover Square, formerly occupied by 
Earl St Vincent, the famous Admiral, was bought and altered to provide accommodation 
for fifty beds. Patients were transferred from Bloomsbury. On March 25, 1845, a Royal 
Charter of Incorporation was granted to the Infirmary, the name of which was changed to 
“The Royal Orthopaedic Hospital.’’ Some years later two other hospitals were founded— 
the City Orthopaedic Hospital in Hatton Garden in 1851, and the National Orthopaedic 
Hospital in Great Portland Street in 1865. It is worth noting that at this last hospital, in 
1892, Mrs Muirhead Little started the first hospital school of which there is any record. She 
noted with misgiving how long-stay patients were deprived of education. She started with 
part-time teachers; but the venture was so successful that a whole-time teaching staff was 
soon employed. This was many years before the Board of Education began to consider the 
provision of special residential schools. 


Early in this century all three hospitals amalgamated; and in 1905 a new Royal Charter 
was granted, giving the combined hospitals the name of Royal National Orthopaedic Hospital. 
The National Hospital in Great Portland Street was pulled down and a fine building with 
200 beds was erected in its place. The new hospital inherited a great tradition. It was in the 
direct line of W. J. Little’s foundation of 1840, and there were memories of distinguished 
men who played their part in forming that tradition, including Adams, Fisher, and Hughlings 
Jackson, to name but a few. In 1922 the country branch at Stanmore was started. It was 
developed continuously until the outbreak of the recent war when it became a sector base 

hospital. Since the war, the hospital has had attached to it the Institute of Orthopaedics of 

the University of London for the training of post-graduates in orthopaedic surgery, the 
Board of Governors including representatives of the Royal College of Surgeons and the 
British Orthopaedic Association. 


After the establishment of his hospital, Little continued his clinical and pathological 
investigation of deformities. In 1843 he published a monograph: ‘‘ On Ankylosis or Stiff 
Joints.”” This was a masterly summary of what was then known of the pathology of ankylosis. 
He described the application of tenotomy, and he advocated gentle and gradual methods of 
correction. He also began the teaching of orthopaedic surgery. His lectures and notes were 
published in 1855—‘‘ Lectures on the Deformities of the Human Frame,” in which he gave 
a full and accurate description of a hitherto unknown disease, affecting two brothers, together 
with autopsy findings. He gave no name to the disease and his description of it escaped 
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notice. But thirteen years later Duchenne described the same malady and called it pseudo- 
hypertrophic muscular paralysis. 

On October 2, 1861, before the Obstetrical Society of London, he read a paper: ‘‘ On the 
influence of abnormal parturition, difficult labour, premature birth, and asphyxia neonatorum 
on the mental and physical condition of the child, especially in relation to deformities.” In 
his first book, and in Lectures on the Deformities of the Human Frame, he had already 
described infants with spastic paralysis, but in this contribution he dealt extensively with a 
study of sixty-three cases. This paper, published in 1862, in the third volume of Transactions 
of the Obstetrical Society, aroused widespread interest, and spastic paralysis of infants 
became known as Little’s disease. He wrote many other papers and delivered many addresses. 
For Timothy Holmes’ “ System of Surgery ” he wrote on orthopaedic surgery. In 1868 he 
published a monograph “Spinal weakness and Spinal curvature.’’ In 1881, when the 
International Medical Congress was held in London, he contributed two papers, one on club 
foot and the other on genu valgum. His last monograph, ‘‘ Medical and Surgical Aspects of 
In-knee (Genu Valgum),”’ was published in 1882 in conjunction with his son, E. Muirhead Little. 

He visited Canada and the United States in 1878, saw McDonnell at McGill Medical 
School and the Montreal General Hospital, and at Quebec saw the Governor-General, Lord 
Dufferin, who was one of his old patients. In New York he met Detmold, born in Hanover, 
a pupil of Stromeyer, who introduced subcutaneous tenotomy to America. Detmold was 
surgeon to Bellevue Hospital, and he recognised in Little a kindred spirit. He introduced 
him not only to Bellevue, but to many other hospitals in the city. Little also met Judson 
with whom he discussed spinal curvature. This American tour was the outstanding feature 
of the last years of his active practice. He retired in 1884 and thereafter lived at Ryarsh, 
near West Malling, Kent. He lived long enough to see orthopaedic surgery established in 
England and to receive the honour due to him as a pioneer. He was elected honorary member 
of the Medical Societies of Florence, Dresden, and Constantinople. He died at Ryarsh, after 
a few days’ illness, on July 7, 1894. 

In his younger days Little was handsome. He was tall, with brown hair, grey eyes, and 
regular features; but early baldness gave him a venerable appearance. By nature he was 
reserved and retiring; but he held firmly to his convictions. In old age increasing deafness 
did not alter his kindly disposition. He married Elizabeth, the daughter of Thomas Roff 
Tamplin, of Lewes, Sussex. Two of their sons became surgeons. Louis Stromeyer Little 
was surgeon to the London Hospital until he resigned and went to practice in China. Ernest 
Muirhead Little became honorary surgeon to the Royal National Orthopaedic Hospital and 
was elected first President of the British Orthopaedic Association. 

William John Little did three things. He introduced subcutaneous tenotomy to England 
—a landmark in the cure of cripples. He wrote the first important book on orthopaedic 
surgery—a publication which stimulated scientific investigation. He established the first 
orthopaedic hospital for the study and treatment of disabilities of the limbs and spine. He 
was indeed the founder of British orthopaedic surgery. ARTHUR ROCYN JONES. 


I wish to express my thanks to Admiral Sir Charles Little, G.C.B., G.B.E., and to Mr Neil Little of Geneva, 
for their kindness in placing at my disposal, family papers relating to their grandfather. 
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PIONEERS OF OSTEOGENY 
GEORGE WILLIAM CALLENDER 
JesstE Dospson, LoNDoN, ENGLAND 
Recorder, Royal College of Surgeons of England 
George William Callender was born at Clifton, Gloucestershire, on June 24, 1830. His 
father was a member of an old Scottish family, though his immediate ancestors had settled 


in Barbados. His early education was gained at ‘‘ The Bishop’s College,” Bristol, and if it 
had been left to his choice he would have joined the Navy; but many members of the family 





Fic. 1 


Portrait of Callender reproduced from a scrapbook of photographs 
and caricatures of the staff and students of St Bartholomew’s 
Hospital, by kind permission of the librarian of the hospital. 


had entered the medical profession and in due course he studied medicine with his uncle, 
Dr Lancaster of Clifton. At first he disliked his occupation but he persevered, especially 
after the death of his mother in 1848 when he felt it a duty to set a good example to younger 
brothers. The next year he entered St Bartholomew’s Hospital Medical School. He was 
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noted for neatness and accuracy, pleasing manners, and a well-dressed appearance. After 
gaining many honours and prizes he was admitted as a member of the Royal College of 
Surgeons in 1852 and appointed house surgeon to St Bartholomew’s Hospital. In July 1854 
he became Registrar and Demonstrator of Morbid Anatomy and thereafter never lost his 
interest in this subject. In the Transactions of the Royal Society of 1869 (p. 163) he published 
a paper entitled ‘‘ The Formation and Growth of the Bones of the Human Face.” This, 
with other scientific anatomical works, secured his election as a Fellow of the Royal Society 
in 1871. In the same year, on the resignation of Sir James Paget, he was elected surgeon to 
St Bartholomew’s Hospital and examiner in surgery to the University of Cambridge. He 
practised in Queen Anne Street and held the appointments of surgeon to the Charterhouse, 
and professor of anatomy at the College of Surgeons. He claimed that septicaemia was 
almost unknown in his wards and, though he did not refer to Lister’s theories of asepsis, the 
principle of his treatment was, in fact, a modified Listerism. His last publication, on ‘‘ The 
Avoidance of Pain,’”’ was delivered to the Section on Surgery at the Bath meeting of the 
British Medical Association. Having gained a prominent place in the esteem of his colleagues, 
and being recognised as one who represented the highest merits of British surgery, he died 
at the age of forty-nine years, and was buried at Kensal Green Cemetery on October 29, 1879. 
To Callender belongs the distinction of solving the problem of the fate of the premaxilla 
in mau. Many anatomists had speculated on this subject. Galen, Vesalius, Sylvius (Dubois), 
Colombus, Falloppius, Riolan, Tyson, Nesbitt, Albinus, Daubenton, Vicq d’Azyr, Camper, 
Goethe, Soemmering and other nineteenth century anatomists had made contradictory 
contributions to the literature. It was due to the careful investigations of Callender that the 
truth emerged. Of the development of the maxilla, he wrote in Philosophical Transactions, 
1869-70, Vol. 159, pages 164 to 169: 
“Tf in a foetus nine-tenths of an inch long the superficial parts are removed, that portion which forms 
the superior maxilla is seen to occupy the position, and to have the shape of the future bone, the orbital, 
palatal and alveolar parts being defined, whilst two considerable projections indicate the position of the 
nasal and of the incisor processes...’’ (P. 164.) ' 
“In a foetus 2-3 the bone (superior maxilla) presents the following appearances. Taking a point below 
the infraorbital notch as a centre, three processes are traced from it. The masal forms a thin plate having 
the permanent shape of the process, but the ridge for the turbinate bone, the vertical thickening of its 
lower nasal surface, and the nasal groove are wanting. From its base a smooth plate of bone passes forward, 
the centre bit, as it were, of the incisor portion, chief part of the roof of which it ultimately forms, and 
to this hitherto, I believe, unrecognised portion the name of incisor process may be rightly given.” (P. 165.) 


The outstanding feature of this very accurate description is the recognition of the nasal 
and incisor processes of the maxilla usurping the site occupied by the separate premaxilla 
(intermaxillary) in lower animals. He defined the typical mammalian premaxillae thus: 


““ These bones, though their appearances vary in different mammals, have amongst these animals certain 
common features: 1) The line of articulation with the superior maxilla is in front of the canine socket 
when the latter is present; when absent the relation of the suture to the maxilla virtually remains unaltered. 
2) The premaxilla, as it is more correctly named for these animals, is prolonged superiorly to a point 
which ascends to a varying distance, or is cut short abruptly. In any case, whatever be the length of the 
posterior margin, a groove is found in the anterior edge of the superior maxilla; and into this the wedge- 
shaped margin, broad or narrow (sometimes almost incisive, as in the sheep), of the premaxilla is inserted, 
and is thus embraced, as it were, by the front border of the upper jaw. 3) The premaxillae carry the 
incisor teeth, when present. 4) They articulate in the middle line, sometimes leaving a notch in front for 
a continuation forward of the septum. 5) They form more or less of the front of the palate, of the boundaries 
of the incisive foramina, and of the complete or partial septum which separates them.”’ (Pp. 166-167.) 


Having thus established the identity of the premaxilla in the typical mammal, Callender 
then defined its limits in the developing human embryo: 


“‘ Passing to an examination of the human foetus, it is evident from the shape and direction of the incisor 
process (which is best examined in a foetus 4-3, being then easily detached from the intermaxilla), that it 
passes across the anterior boundary of the nostril as the latter is continued forward to the middle of the 
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lip. This boundary above is partly covered by the nasal process below the palatal portion of the 
superior maxilla ends abruptly behind it, and between the two it is that the incisor process cross:s, 
and indents the orifice of the nostril. . . 

“In a foetus 2:3 the intermaxilla consists of deposits of bone about the posterior edge of the incisor 
process, which subsequently grow down to form the plate of bone on the inner side of the middle incisor 
socket, and the posterior wall of the incisor sockets below and internal to the course of the incisor 
branches of the dental nerve. The front wall of the middle and 
lateral incisor sockets is continuous, as previously stated, with 
the plate of bone which covers in the canine notch. 

‘In a foetus 4-3 the intermaxilla is completely formed and may 
be traced as a distinct bone. It consists of the parts already 
described, which are continued backwards to form the front of the 
palate, filling up the notch between the incisor and palatal 
processes, and of a narrow portion which ascends and fits by a 
convex surface into the groove of the nasal process, ending 
above at the ridge for the turbinate bone, part of which ridge 
it forms:... .”’ (Fig: 2.) 

““In a foetus 9 inches long, either intermaxillary bone is in 
great part fused with its corresponding upper maxilla. The anterior 
edge of its nasal process has united to the nasal process of the 
maxilla, and its horizontal portion is inseparably attached to the 
upper surface of the incisor process, but the outline of the bone 
is preserved by a fissure, which is traced along its posterior margin 
from the middle of the nasal process of the maxilla, and which deepens as it reaches the palate through 
which it extends, often permanently.” (pp. 167-168. See Fig. 3.) 


Left superior maxilla from human 

foetus (4-3 inches long): a) inner 

wall of antrum, continuous with 

the palate; 5) incisor process; 
c) intermaxillary bone. 


Finally, Callender sums up his conclusions as follows: 


“The preceding observations account for the absence of all trace of the human intermaxillary bone on the 
facial aspect of the upper jaw in the adult, whilst the permanent fissure through the palate and on 
the inner side of the nasal process are equally explained. The bone, in fact, is shut off from the face 
by the nasal and incisor processes of the superior maxilla. Distinctly 
outlined ’’ (Fig. 2) ‘“‘at the close of the fourth month, it is joined 
to the superior maxilla during the latter part of the fifth or beginning 
of the sixth month; its nasal process, as it may conveniently be 
termed, is buried in that of the upper jaw, the apex assisting to form 
a permanent ridge for articulation with the inferior turbinate bone. 
In a foetus 1:5 I notice a slight cleft in the nasal process of the 
superior maxilla corresponding with the top of the groove on its inner 
surface, but I have never seen anything like an approach to the 
formation of a distinct anterior plate of bone, such as forms part of 
the premaxillae of mammals.” (pp. 168-169.) Fic. 3 


Left superior maxilla from 
human foetus (9 inches long): 


Sir William Flower in 1870, in the first edition of his 


“Osteology of the Mammalia” (p. 130), wrote: “ The 
premaxilla is a distinct bone in the human foetus but is covered 
‘on its external or facial aspect by a process of the maxilla 
which extends over it towards the mid-line and becomes 


c) intermaxillary bone com- 
pletely united in front to 
maxilla; g) canal which ex- 
tends for a short distance 
beneath the intermaxilla; h) 
plates of bone belonging to the 
intermaxilla, which assist in 


completely fused with it before birth, so that no trace of the bounding the incisor sockets. 


maxillo-premaxillary suture is ever seen on the outer side of 

the face. On the inner and palatal aspect of the bones the suture is always evident at birth 
and can often be traced even in adult skulls. See G. W. Callender, ‘On the formation and 
growth of the bones of the Human face.’ Phil. Trans., 1869, p. 163.’’ In 1882 Sir George 
Thane incorporated Callender’s teaching into the standard English text-book of human 
anatomy (Quain’s Anatomy, 9th edition, Vol. I, pp. 72-73). More recently, Edward 
Fawcett (1924) included Callender’s views in his paper entitled “The development of 
the bones around the mouth” which was published by the Dental Board of the United 
Kingdom. 
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IN MEMORIAM 


THOMAS GWYNNE MAITLAND, M.A., B.Sc., M.D., D.Phil. 
1875-1948 


Few surgeons in this country, and perhaps fewer in other countries, know how great a 
part was played by Thomas Gwynne Maitland in developing the orthopaedic and fracture 
services of Great Britain. To many it will be a surprise to learn that he, more than any other, 
was responsible for the creation of fracture and accident services in every important hospital 
in this country under the direction of orthopaedic departments. 

Through his responsibility as medical superintendent of the Cunard White Star Company 
he quickly learned of the crippling disasters which might arise from fractures and other 
injuries. He was incensed by the medico-legal conflicts that were fought in County Courts; 
and he recognised the stupidity of settling claims for disability where there should never 
have been disability at all. He began, nearly twenty years ago, by arranging a meeting in 
the Liverpool Medical Institution which was addressed by Robert Jones, Rowley Bristow, 
Harry Platt, Thomas McMurray, Harcld Moore, Watson-Jones, and others. He arranged 
dinners on board the “ Carinthia,” the ‘‘ Mauretania,” the ‘“‘ Georgic,’’ the “‘ Brittanic,”’ and 
the ‘‘ Queen Mary.”’ It may seem a far cry from the pleasures of hospitable dinners on board 
Atlantic steamships to the labours of developing fracture services in England. But this was 
his technique. He was a superb host—charming, entertaining, cheerful and lovable. Everyone 
who met in his company felt happy; he planned carefully that those who were most capable 
of developing accident and fracture services should meet and learn to know each other; and 
he made them happy in their meeting and in their knowing. 

Thus it was, in consequence of a deliberately planned though apparently care-free 
stimulus, that in 1935 the British Medical Association appointed a Fracture Committee 
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which published an astonishing and startling report. Within very few months a Government 
Committee was appointed to implement the recommendations. His Majesty the King 
honoured by his presence a dinner which was attended by leading industrialists. The successful 
creation of fracture and accident services in every industrial area of the country was 
assured. Simultaneously, this great pioneer took no less energetic steps by which to improve 
the medical services of the Merchant Navy, to introduce medical health services to every 
industry, and to establish an Association of Industrial Medical Officers. In these tasks he 
was no less successful. Yet the one name never heard, never recognised, and never applauded, 
was that of Thomas Gwynne Maitland. 

The writer of this appreciation once took the liberty, in a text-book on fractures, 
of acknowledging in few and simple words the debt that was owed to Maitland. Only 
one person was furious; and he was very furious indeed—Maitland himself. ‘“‘ How can I 
go on with my work,”’ he said, “if you put me in the limelight? ’’? We may perhaps learn 
from such modesty. Much important work is best done without limelight. 

Gwynne Maitland graduated in medicine in Edinburgh. He was a doctor of philosophy 
of the University of Manchester; editor of the Manchester Medical School Gazette; lecturer 
on physiology in the University of Wales; lecturer in psychology at the Birmingham Medical 
Institute; director of the typhus colony in Serbia during the first world war; and author of 
‘Examination of the Basis of Personality.’”’ But to those who knew him best he was more 
than a doctor, a physiologist, and a psychologist ; he was more than a pioneer who devoted 
much of his life to the relief of suffering and disability; he was more than the founder of deck 
tennis who established most of its rules; he was more than a friend, a companion, and a 
charming and delightful host. He was a man—a very great man—to whom we could take 
our problems and our difficulties. Only to talk to him was to solve the problem; only 
to meet him was to gain the stimulus; only to stay with him was to acquire the inspiration. 
We suffer his loss very greatly. R. W-J. 


JOHN BERNARD REID, M.Ch.Orth (Liverpool), F.R.C.S. (Edin.) 
1900-1948 


The totally unexpected death of J. B. Reid at an early age is a severe blow to 
the orthopaedic services of the North-East coast of England, and particularly to the 
Middlesbrough district, where his activities were concentrated. Born in Lockerbie, Reid 
served in the 1914-18 War. He then qualified as a pharmacist, although his great desire was 
to practise medicine. As pharmacist and photographer he was able to save enough money 
to enter the medical school of the University of St Andrews in 1924. His University career 
was remarkable. He gained every prize open to him except that of Neurology, and then 
held a resident hospital appointment for six months. He became a District Surgeon in 
Southern Rhodesia, but he felt that he was inadequately trained to carry out the surgical 
-work which had always been his aim. Resigning from his appointment in Rhodesia he returned 
to this country, quickly gained the Fellowship of the Royal College of Surgeons in Edinburgh, 
and then trained in Liverpool and gained the Degree of Master of Orthopaedic Surgery. He 
served as orthopaedic registrar at the Northern Hospital, Liverpool, for two years when 
he was elected orthopaedic surgeon to the North Ormesby Hospital, Middlesbrough. Here 
was a new field which he could organise and develop and he never spared himself, but worked 
constantly for the recognition of his chosen subject, and for the advancement of the hospital 
services. He was so keen and enthusiastic a worker that in the thirteen crowded years of his 
professional life he was also appointed honorary orthopaedic surgeon to five other hospitals. 
He was recognised as an expert in both gardening and music and for many years was 
President and Chairman of the Cleveland Scots Society. Unfortunately his writings on surgical 
subjects were far too few; but his cheerfulness, his sterling surgical judgment, and his 
willingness to help were appreciated by colleagues and patients alike. TT. P. McM. 
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GREAT BRITAIN 


BRITISH ORTHOPAEDIC ASSOCIATION—ANNUAL MEETING, 1948 


The Annual Meeting of the British Orthopaedic Association was held in Belfast on Thursday, Friday, 
and Saturday, October 21-23, under the presidency of Mr S. Alan S. Malkin (Nottingham). It is more 
than twenty years since the Association last met in Belfast, and this visit was a tribute to Mr S. T. Irwin 
whose loyalty to the Association is widely respected. The meeting was a brilliant success. Never before 
did young members of the Association present their contributions with greater ability. Almost 
without exception they spoke without script or notes and, although in speaking extemporaneously they 
added to the anguish of mind which is suffered by every worth-while speaker, they greatly enhanced the 
clarity of their delivery. They did well; and the Editor of this Journal would add his congratulations 
to those offered in the course of the meeting by the President and Mr Osmond-Clarke. 

Mr Irwin was supported ably by Mr R. J. W. Withers, Mr Martin, Mr A. Chance, Mr Harold Rogers, 
and all of Mr Irwin’s colleagues, associates, and juniors, who were responsible for the organisation at the 
Royal Victoria Hospital of one of the best clinical demonstrations we have ever enjoyed. It was unfortunate 
that we had only hours, and not days, to study the many scores of cases which were presented with 
such thorough documentation. 

Sir David Lindsay Keir, Vice-Chancellor of Queen’s University, who has served for many years as 
chairman of the Northern Ireland Council for Orthopaedic Development,* gave a reception in Queen’s 
University; and with Lady Keir he attended the reception arranged at the City Hall by the Lord Mayor 
of Belfast and Lady Neill, which was enjoyed by more than two hundred and fifty fellows and members 
of the Association. v 


Annual Dinner of the Association—The Annual Dinner was held in the Great Hall of Queen’s University, 
and the toast of His Excellency the Governor of Northern Ireland, Vice-Admiral the Earl Granville, was 
proposed by the president of the Association. In responding to the toast of the British Orthopaedic 
Association, which had been proposed by Dy Montgomery, chairman of the Northern Ireland Hospitals 
Authority, Sir Harry Platt said that it was the privilege of the aged to indulge in nostalgia. He recalled 
the memory of Robert Jones ‘‘ in whom all personal rivalries were resolved ’’ and said that we were still 
“‘ under the influence—the stabilising influence—of the Liverpool school which was so powerful an antidote 


” 


to impulsive surgery and emotional therapy.”” Sir David Lindsay Keir said how unique an experience it was 
for him to be a guest within his own College. He recalled the advances in surgery and fracture treatment 
that had contributed so important a part to the history of Queen’s Medical School over the last 
hundred years. The Rt. Hon. William Grant, Minister of Health, in a witty speech, said that in Northern 
Ireland an agreed bill for the new National Health Service was presented to the House and yet, in the 
course of debate, five hundred amendments were accepted. ‘‘ I often wonder” he added ‘“‘ what would 
have happened if we had not had an agreed bill!’’ In recalling the spirit of Ulster, and the close and 
happy relationships that exist between Northern Ireland and Great Britain, the Minister of Health 
concluded: ‘‘ It is not for nothing that we in Northern Ireland count ourselves as part of you. We are 


members of a team together.’ 


The Painful Shoulder—A discussion of the Painful Shoulder was opened by Professor G. Perkins (London). 
He reviewed the underlying pathology and, in his own inimitable style, succeeded in ‘‘ debunking ”’ certain 
beliefs. Myr V.H. Ellis (London), after referring to extrinsic causes such as coronary disease, discussed 
supraspinatus tendon injuries. He said that excessive pull in the straight supraspinatus, for instance a 
sudden muscle contraction with the shoulder fixed in abduction, would avulse a fragment from the greater 
tuberosity; whereas a similar pull when the limb was lowered and the tendon curved over the humeral 
head would cause rupture of the tendon. Pathological changes might alter this rule. Loss of supraspinatus 
function might be reflex with rapid spontaneous recovery, or it might be due to a complete tear. Complete 
tears were sometimes revealed by arthrography in which the passage of radio-opaque fluid through the 
capsule, and often into the subdeltoid bursa, might be demonstrated. In suture of the tendon, removal 
of the acromion made operation easier, and recovery quicker. Mr W. C. Somerville-Large (Dublin) 
recalled the value of anaesthesia in discriminating between muscle spasm and structural change causing 
restriction of movement. He believed that adhesions, if present, were capsular. In diagnosis, the site 


*See Report of the Northern Ireland Orthopaedic Scheme, Journal of Bone Surgery, 1948, 30-B, 397, 
written by Mrs Doreen McConnell who played so important a part in organising this meeting in Belfast. 
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of pain was of little help; but accurate localisation of tenderness was valuable. Attention should be paid 
to the severity of tenderness, and the question as to whether the site of tenderness changed when the 
limb was rotated. Radiographs should be taken im at least four projections—with the joint fully rotated 
medially, in the mid-position, in full lateral rotation, and in lateral rotation with body twist. Changes 
in profile of the greater and lesser tuberosities were described. 

Mr R. J. W. Withers (Belfast) had investigated one hundred shoulders in which pain was of intrinsic 
origin. In twelve, pain for a few days after injury was ascribed to supraspinatus rupture; twenty-seven had 
a full range of movement but with a painful arc at mid-elevation; and sixty-one presented pain with much 
stiffness which was ascribed to capsulitis. There seemed to be two stages of capsulitis: in the first stage of 
“‘irritative ’’ capsulitis, stiffness was due to spasm and it disappeared under anaesthesia; in the later 
stage of ‘‘ adhesive ”’ capsulitis, stiffness persisted under anaesthesia. In irritative capsulitis there had 
been pain for an average period of seven weeks; it was diffuse, and worse at night. After rest in a 
sling for a few weeks, active exercises were encouraged. Heat seemed to be of no value. Full painless 
movement was restored in from three to four months. The forty-one patients who showed evidence of 
adhesive capsulitis had not attended until symptoms had been present for about eight months; in these 
cases pain was less severe and less diffuse, and it was usually referred to the deltoid insertion. About 20 
degrees of shoulder movement was preserved. Manipulation was the primary treatment, free movement 
usually developing after lateral rotation had been regained. After further exercise, recovery was usually 
complete in a period which varied from a few weeks to four months; but follow-up examination nearly 
always revealed persistent crepitus. In three of the forty-one cases treatment failed. Treatment of the 
painful shoulder could be summed up in the words ‘‘ time and patience.” 

Mr F. A. Simmonds (Pyrford) considered that in injuries of the supraspinatus cuff the full cycle of 
changes might occupy from six months to two years, usually about one year. In twenty-one cases, a follow-up 
of more than three years had shown that, even after that time, some patients still had pain, weakness, or 
stiffness. Biopsy revealed degenerative changes in the tendinous cuff with chronic inflammatory reaction, 
the interior of the joint appearing normal. In treatment, the use of a sling with exercises practised within 
the painless range, such as pendulum exercises, were useful; but heat was of doubtful value. My Stewart M. 
Harrison (Birmingham) reviewed one hundred cases of minor injury of the shoulder causing pain and stiffness. 
He had found radiographic evidence of abnormality in the greater tuberosity of the humerus in thirty. In 
these patients the average duration of treatment had been forty-nine days; whereas patients whose injured 
shoulders were stiff and painful, but in whom there was no radiographic evidence of abnormality in the 
tuberosity, attended for an average period of eighteen days. Moreover, late follow-up examination 
showed that symptoms were still present in all patients whose shoulder joints showed these radiographic 
changes; whereas the other seventy cases had no residual symptoms. There was pathological as well as 
radiographic evidence of a peripheral articular focus of degeneration. 

Mr J. R. Armstrong (London) had found that about three-quarters of all patients who attended an 
orthopaedic department with the supraspinatus syndrome recovered spontaneously. For those patients who 
did not recover, provided that the range of movement was not limited, he advised excision of the acromion. 
In about one hundred operations he had found that a variety of lesions gave rise to similar symptoms: 
supraspinatus tendonitis with increased vascularity and swelling; supraspinatus tears, mostly in older 
subjects, and comprising either true tears or incomplete avulsions; calcification in a roughened supraspinatus 
tendon; and subdeltoid bursitis with acute inflammation, or chronic thickening associated with a little fluid 
and sometimes loose bodies. It was important to excise the whole acromion. My J. Tulloch Brown (Killearn) 
had found that infiltration with 10 c.c. of 1 per cent. procaine was valuable as a diagnostic aid in distinguishing 
tendonitis from tendon injury in the supraspinatus syndrome. Loss of movement due to spasm could be 
differentiated easily from that due to structural change. If, under the influence of procaine infiltration, 
free active movement was regained, conservative treatment was indicated. If, despite anaesthesia, active 
movement was still limited, the evidence of tendon rupture was clear and operation was necessary. 

Mr G. Blundell Jones (Exeter) described acute cases of supraspinatus calcification, with sudden pyrexial 
onset and short course, in which there was early and spontaneous disappearance of the calcium deposit. This 
possibility should be borne in mind when estimating the value of various forms of treatment such as 
injection and aspiration. Many such cases recovered despite the treatment, and not because of it. Myr 
W. E. Tucker (London) said that focal sepsis and gout should be considered in some cases. He agreed 
with the importance of rest in the acute stage. 

Arthrodesis of the Hip Joint—Myr H. A. Brittain (Norwich) showed a film of his operation of ischio- 
femoral arthrodesis. My H. H. Langston (Alton) said that he had performed thirty of these operations, 
without sciatic nerve injury but with failure of fusion in five cases. There had been perforation of the 
obturator foramen by the graft in two cases, and sequestration of the graftin one. Myr W. B. Foley (Oxford) 
advocated open operation through a posterior incision, reflecting gluteus maximus upwards and inwards. 
He had performed ischio-femoral arthrodesis under direct vision in seventeen cases of tuberculous arthritis, 
and two of osteoarthritis. Bone fusion had occurred rapidly in all but one case. Mr G. K. McKee 
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(Norwich) described and illustrated a method of ilio-femoral arthrodesis of the osteoarthntic hip with a 
lag screw in combination with cancellous grafting of the lateral part of the hip joint by which it was hoped 
to accelerate convalescence and permit earlier weight-bearing. Myr John Charnley (Manchester) discussed 
the principles of arthrodesis of the osteoarthritic hip joint and the possibilities of utilising compression 
forces in accelerating fusion. Sir Reginald Watson-Jones (London) said that whatever value there might 
or might not be in the compression advocated by Mr McKee and Mr Charnley, it was still true to-day, as 
it always had been, that new bone could not mature in less than three to four months. We should be 
cautious in accepting these claims for acceleration. No matter what screws, nails, or grafts were used, 
external protection by means of plaster for three to four months was imperative. 


Cadaveric Bone Grafts—Myr W. Sayle Creer (Manchester) reported fourteen fractures of the shafts of 
long bones treated by grafts of boiled cadaveric bone. In seven out of eight cases of ununited fracture 
of the forearm bones, union took place in an average period of twenty-three weeks after grafting. 


Peripheral Nerve Tumours—Pyrofessor ]. H. Biggart (Belfast, introduced by Mr S. T. Irwin) reviewed 
one hundred and fifty-four peripheral nerve tumours, comprising thirty-four neurinomas (Schwannomas), 
one hundred and ten neurofibromas, and ten neurosarcomas. Neurinomas had occurred in patients aged 
thirty to fifty years, mostly in the head and neck, and the upper limbs. Unlike neurofibromas, they were 
never found in the dermis. At operation they appeared to be encapsulated, and some did not recur. Some 
underwent mucoid degeneration. Palisade arrangement of nuclei gave a characteristic histological 
appearance; the structure was sometimes syncytial. Neurofibromas affected chiefly the limbs, especially 
the lower limb, and seldom the head. Superficial neurofibromas were often epidermal. In deep nerves 
they were often part of a widespread involvement, and possibly this accounted for the frequency of 
“recurrence ’’ which happened in approximately 30 per cent. of cases. The histological appearance of 
infiltration of surrounding tissues should not be mistaken for malignancy. Their origin was uncertain. 
Neurosarcomas usually affected flexor surfaces and deep nerves, most commonly the sciatic nerve. The 
histology resembled that of fibrosarcoma, but the cells were less pointed. Professor Biggart ascribed 
the three types of tumour to the neurilemma cell. 


A “ Lively ’’ Splint—My Norman Capener (Exeter) showed a double shoulder abduction splint in which 
the arm pieces were linked with the trunk piece by spring wire, to allow supported movement during 
convalescence from poliomyelitis. 

Excision of the Trapezium for Osteoarthritis of the First Carpo-metacarpal Joint—Mr W. H. 
Gervis (Tunbridge Wells) said that he had performed this operation on eighteen occasions. In two cases, 
arthritis was of the rheumatoid type; in sixteen, there was degenerative arthritis of the carpo-metacarpal 
joint. A dorsal incision, avoiding the radial artery, gave access to the bone. Care was taken to ensure 
complete excision and to avoid damage to flexor carpi radialis. Immediate active exercises were encouraged. 
In rheumatoid cases the results were poor. In all others the results were excellent; there was good 
movement, good power, and no pain. One patient was able to milk cows for many hours a day. 


Results of Treatment of Kienbéck’s Disease—Mry A. Dornan (Sheffield) reported forty-seven cases 
of Kienbéck’s disease observed during the last ten years. Forty-two had been re-examined for late 
review. He had not been able to confirm any association between this disorder and shortness of the ulna. 
Conservative treatment in twenty-seven cases gave these results: excellent (no complaints, full work without 
difficulty)—nine; good (discomfort, but full work without loss of time)—eight; fair (unable to do heavy 
work)—seven; poor (no improvement)—three. Excision of the lunate bone had been performed in fifteen 
cases, nine after failure of conservative treatment, with these results: excellent—seven; good—four; 





fair—four. In summary, thirty-seven of the forty-two patients were doing heavy work, many at the 
coal face. 

Conservative Treatment as compared with Operative Treatment of Ununited Fractures of the 
Carpal Scaphoid Bone—My Goronwy E. Thomas (Liverpool) had investigated eighty cases of fracture 
of the carpal scaphoid bone treated at various hospitals by various surgeons more than three years 
previously for non-union—fifty-two with operation and twenty-eight without. The operations had 
included excision of the scaphoid (twenty-four cases), excision of the proximal row of the carpus (six), 
bone graft (nine), arthrodesis of the wrist joint (ten), and sundry operations (three). Among the nine 
cases of grafting, there was only one good result—in a case of non-union of six months’ duration: only 
one patient returned to heavy work. Of the ten cases of arthrodesis of the wrist joint, only two were 
clinically and radiographically successful; one was doing heavy work; bone fusion had often failed. 
Twenty-four of the twenty-eight patients treated conservatively returned to heavy work: seven of the 
fifty-two patients treated by operation returned to heavy work. It was conceded that the operations 
had been carried out by various surgeons in various centres. Myr W. Sayle Creey (Manchester) and Mr 
H. Osmond-Clarke (London) said that the two series of cases were not comparable. They believed 
that no deductions could be drawn from them. 
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Regeneration of the Articular Surface of the Femoral Head after Cup Arthroplasty—My Noel J. 
Smith (Peterborough) showed a specimen from a woman who had died from a cardiac complication eight 
weeks after vitallium cup arthroplasty for osteoarthritis. _The denuded surface of the femoral head had 
become covered with a smooth fibrous cap; at the periphery the fibres were less tightly packed and fibro- 
cartilage cells were present. 

The Capener Nail Plate in Trochanteric Fractures of the Femur— Myr E. Mervyn Evans (Birmingham) 
classified trochanteric fractures as stable or unstable in accordance with the degree of injury to the cortex 
of the calcar femorale. If cortical bone was intact the fracture was stable; if it was not intact there was 
a tendency to coxa vara whether the fracture was nailed or not. An investigation had been made of 
one hundred and one fractures treated conservatively—mostly by weight-traction with Thomas’ splint. 
The average age of the patients was sixty-two years; there were fifteen deaths; the average stay in hospital 
was fifteen weeks; and coxa vara occurred in eighteen. Among twenty-two patients treated by Capener 
nail fixation there were no deaths and the average stay in hospital was seven weeks; coxa vara occurred 
in four, and union was not yet complete in three. The advantages claimed for operation were: greater 
comfort and mobility for the patient; lower mortality; shorter stay in hospital; and possibly greater 
stability of the fracture. 

Pseudarthrosis for Ankylosis and Arthritis of the Hip—Myry J. S. Batcheloy (London) described 
removal of the femoral head and neck from fifty hips of forty-four patients, with the addition in thirty-two 
operations of angled osteotomy of the upper end of the femur in order to promote stability. The osteotomy 
might be performed at the primary operation, with plating of the fragments; or three to five weeks later 
through a posterior or postero-lateral approach. Light traction was applied after operation through an 
upper tibial transfixion pin. Walking was resumed after eight to ten weeks. The operation had been 
undertaken for osteoarthritis, ankylosing spondylitis, fracture-dislocation, ununited fracture of the femoral 
neck, ankylosis from old acute arthritis, and chronic suppurative arthritis. The results were classified as: 
satisfactory—thirty-nine; unsatisfactory—ten ; death—one. Unsatisfactory results were due to: instability 
—three; pain—three; lack of co-operation—two; restricted movement—one; and non-union of the 
osteotomy—one. 

Gastric changes in Rheumatoid Arthritis—Professor H. W. Rodgers (Belfast, introduced by Mr S. T. 
Irwin) had carried out gastroscopy in patients with rheumatoid arthritis. In the active stage, the stomach 
lining was hyperaemic and it produced an excess of acid. Later, in the chronic stage of the disease, the 
lining was atrophic and inactive, like a ‘‘ spent ’’ endocrine gland. It was suggested that the anaemia of the 
acute stage might be secondary to the febrile state, but that later anaemia might be due to nutritional 
iron deficiency. 

Intramedullary Nailing of the Shaft of the Femur—Mr 4A. Chance (Dublin) reviewed twenty-one 
fractures treated by open insertion of a Kuntscher nail. The most suitable fractures for intramedullary 
nailing were transverse, interlocking fractures of the middle third, where the medullary cavity was 
cylindrical. The result was prejudiced if there was a loose fragment. The normal curvature of the femur 
was an advantage because it allowed more lengthy contact between nail and cortex. The best*length of 
nail was one which was shorter by 4 cm. than the distance between the greater trochanter and the lateral 
femoral condyle of the uninjured thigh. It was important that the nail should fit the medullary lumen 
snugly at its narrowest part. The patient was allowed up with crutches about three and a half weeks 
after operation, but weight-bearing was not permitted before union was evident. There was little 
difficulty in regaining a satisfactory range of knee movement. Dr P. G. K. Bentzon (Denmark) emphasized 
the seriousness of infection if it arose as a complication of this operation. 

Aseptic Necrosis of the Femoral Head—Myr E. N. Wardle (Liverpool) had studied aseptic necrosis of 
the femoral head radiographically in cases of fracture, osteochondritis juvenilis, and traumatic dislocation. 
Among forty-six cases of fracture of the femoral neck there was aseptic necrosis in fourteen; seven with 
union and seven without. He advocated that nailing of these fractures should be accompanied by grafting. 
In his first thirty cases he had used a tibial cortical graft, but in the last sixteen he had used iliac cancellous 
chips rammed firmly into the drill-hole. 

The Presidential Address on “ The Scientific Approach to Orthopaedic Surgery ”’ delivered by Mr S. 
Alan S. Malkin, is published in this issue of the Journal. Other papers read at the meeting which are 
published in this, or in the previous number, included: Ischio-femoral Arthrodesis—H. A. Brittain; 
Premature Epiphysial Fusion at the Knee Joint in Tuberculous Disease of the Hip—W. Parke; Spontaneous 
Ischaemic Necrosis of Muscle—J. Rowland Hughes; Posterior Dislocation of the Shoulder—C. K. Warrick. 





Robert Jones Golf Cup 


A competition for the Robert Jones Golf Cup was played at the Royal County Down Club, Newcastle, 
after the Belfast meeting of the British Orthopaedic Association. There can be no more beautiful golf 
course in Ireland: to its immediate south “‘ the mountains of Mourne sweep down to the sea ’’; to its east 
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is the wild Irish Sea, and to the west, typical Irish countryside. The course itself was in very fine condition. 
Mr S. T. Irwin, M.P., entertained the twenty-one competitors to an excellent lunch at the club-house and 
at the end of the day presented a replica of the Robert Jones Cup to the winner, Mr Maitland Smith of 
Doncaster, who returned 83—7=76, the exact bogey score for this championship course. Mr J. V. Todd, 
of Newcastle upon Tyne, playing from scratch, returned 78 and was placed second. His second nine holes 
were played in the remarkably low score of 34, against the bogey of 37. Next year the Robert Jones Cup 
will be contested during the spring meeting at Nottingham. 


HONOURS TO ORTHOPAEDIC SURGEONS 


Medal of the Académie de Chirurgie (Prix Laborie) to Mr J. Trueta (London)—Mr Trueta, honorary 
member of the British Orthopaedic Association since 1942, who was made a D.Sc. Honoris Causa by the 
University of Oxford ia 1943, and an Honorary Fellow of the Royal College of Surgeons of Canada in 1947, 
for his contribution to the treatment of war wounds, has now been awarded the Medal of the French 
Académie de Chirurgie (Prix Laborie)—a distinction seldom given to foreign surgeons. The Prix Laborie 
was founded in 1868, and among those who have been honoured with it are many of the great surgeons 
of France such as Broca, Mouchet, Lenormand, Chevassu, Leriche, and Iselin. On November 10, 1948, 
the President of the Académie de Chirurgie presented the medal to Mr Trueta in the presence of a crowded 
assembly which included some of the most outstanding surgeons of France, among them Professors René 
Leriche, Louis Bazy, and Merle d’Aubigné. 

Mr Trueta addressed the Assembly on the renal circulation and its pathology, with particular 
reference to the research which he and his colleagues have carried out at the Nuffield Institute in Oxford, 
and which is now being continued by him at the Royal Veterinary College, London. It is of interest to 
note that work on the renal circulation was initiated by Mr Trueta in 1941 with the purpose of finding 
an explanation for the renal failure of ‘‘ crush syndrome ’’; and that an orthopaedic surgeon, interested 
in blood circulation in the tissues of the limbs, has thus made an important contribution in interpreting 
some of the complex problems of kidney pathology. 


Knighthood conferred on Mr H. Ernest Griffiths (London)—In the New Year’s Honours List, 1949 
it is announced that Mr H. Ernest Griffiths of the Albert Dock Seamen’s Hospital, London, is to become 
a Knight Bachelor, the honour being conferred for his work in rehabilitation of the disabled. 


REHABILITATION AND RESETTLEMENT OF THE DISABLED IN GREAT BRITAIN 


In October and November 1948 a course was arranged by the British Council, the Ministry of Labour 
and National Service, and the Ministry of Health, to demonstrate to visiting surgeons and social workers 
from many countries the steps taken in Great Britain to aid rehabilitation and resettlement of the disabled. 
The visitors were welcomed by General Sir Ronald Adam, Bt., Chairman of the British Council. The course 
was introduced by Dr Harold Balme of the Ministry of Health who spoke on ‘“‘ The Prevention, Limitation, 
and After-Care of Disability ’’; and Mr R. Gomme of the Ministry of Labour and National Service who 
explained the work of that Ministry in resettlement of the disabled. 

Visits were paid to St Helier’s Hospital, Carshalton, where important pioneer work has been done by 
Dr F. Cooksey; to the Vauxhall Motor Works Rehabilitation Centre, Luton, where, under the guidance of 
Dr A. Thompson and Mr L. R. Plewes, many hundreds of injured men and women have had function restored 
by treatment in a special workshop of the factory; to the Harefield County Hospital where Dr W. McPhail 
supervises the rehabilitation of patients with tuberculosis of the chest; to Roffey Park, Surrey, which is 
one of the pioneer rehabilitation centres for industrial neurosis; to the National Institute for the Blind 
in Great Portland Street, London, where the newly blinded are taught to be independent; to Papworth 
Village Settlement, near Cambridge, now under the direction of Dr R. Trail, which has long been renowned 
for the treatment, employment, and resettlement of tuberculous patients; to St Margaret’s School, Croydon, 
where Dr J. H. Crosland demonstrated the physical treatment of cerebral diplegia in children; to Stoke 
Mandeville Hospital where Dr L. Guttman has done such magnificent work in the training and resettlement 
of patients with spinal injury and permanent paraplegia; to Egham where the first residential industrial 
rehabilitation centre of the Ministry of Labour was established during the war; to Farnham Park 
Recuperative Centre, Slough, where Dr Austin Eagger has developed ambulance posts, dressing stations, 
central clinics, gymnasiums, and resettlement centres; to Queen Elizabeth’s Training College for the 
Disabled, Leatherhead, which is world-famous for its pioneer work in teaching trades to the seriously 
crippled; and to the Albert Dock Seamen’s Hospital where Mr H. E. Griffiths has developed a gymnasium 
for out-patients. 

At Queen Mary’s (Roehampton) Hospital, Mr St J. D. Buxton and Mr Langdale Kelham discussed 
problems of amputation, limb-fitting, and the re-training of patients with amputations. At an Industrial 
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Neurosis Unit at Sutton, Dr Maxwell Jones demonstrated a Placement Conference. One day was spent 
with Mr E. A. Nicoll at Berry Hill Miners’ Rehabilitatron Centre, Mansfield, near Nottingham—a centre which 
was the pioneer of a complete series of residential and non-residential rehabilitation centres throughout 
the country for the final treatment of serious fractures and other injuries in miners. At the Birmingham 
Accident Hospital and Rehabilitation Centre, Mr W. Gissane demonstrated every stage of treatment from 
primary emergency measures to final rehabilitation in the gymnasium. Dr Donald Stewart showed the 
terminal stages of rehabilitation in one of the workshops of the Austin Motor Company—the first industrial 
concern in this country to devote a special workshop to the rehabilitation of disabled men. The problems 
of placement of the disabled in suitable employment, the work of Disablement Resettlement Officers of 
the Ministry of Labour, the activities of a Government Training Centre, and of an Industrial Rehabilitation 
Unit, were also demonstrated in Birmingham. 

The final problem of resettlement—that of securing employment for those who are so seriously 
disabled that they cannot compete in the open labour market, and cannot be engaged by any ordinary 
employer, was explained by Air Commodore Venn, executive-director of the Disabled Persons Corporation 
whose ‘‘ Remploy ’”’ factories are being developed in all parts of the country. 

This course was arranged primarily with the object of demonstrating to our visitors the action taken 
in Great Britain to assist disabled persons to restore themselves to the normal duties of citizenship. We 
hope that they gained from what they saw and heard; and from their observations it seems that they did. 
But whether they did or not, this review of our activity was stimulating to some, even in this country, 
who for many years may have felt that they were ploughing a lone furrow. We are impatient, and it is 
right that we should be; but meanwhile we may gain solace from the fact that great progress has indeed 
been made. 


ROYAL COLLEGE OF SURGEONS OF ENGLAND 


Robert Jones Memorial Lecture—The Robert Jones Memorial Lecture of the Royal College of Surgeons 
of England was delivered by Sir Reginald Watson-Jones, December 9, 1948, on ‘“‘ The Reactions of Bone 
to Metal,”’ the attendance establishing a record for the statutory lectures of the College. The lecturer 
said that the four causes of bone resorption in the region of metal were: 1) thermal, due to burning of 
bone by high speed drills; 2) electro-chemical, due to ionisation of metals or alloys; 3) bacteriological, due 
to lighting of quiescent infection, or to faulty operative technique; 4) physiological, due to the effects of 
compression of metal plates or screws insufficiently protected by external support. It had long been 
known that tight wires or bands caused bone resorption. It was now well recognised that nail fixation 
alone was insufficient for arthrodesis of the hip—the nail became loose and all cases failed. Similarly, 
modern experiments in replacement of the femoral head by a metal prosthesis must fail; it was impossible 
to secure permanent fixation of metal to bone; if bone was compressed, it would absorb. Even the slight 
compressing effect of normal blood pressure on the periosteal surface of a bone caused resorption—as in 
aneurismal erosion of the spine. Still less pressure, even less than capillary pressure, was enough to cause 
bone resorption when the orthodontist moved a tooth. The very slight compression force of a cystic 
meniscus caused absorption of the tibia. 

Since it was well established that bone reacted to compression by resorption, was it not wise to review 
again the modern tendency of fracture treatment which urged the use of lag screws, slotted plates, 
transfixion pins with clamps, and other devices by which to impact and compress bones? It might be that 
osteoid had greater resistance to the harmful effects of compression than adult bone; but, until there was 
further evidence, it should be assumed that compression clamps assisted only in so far as they promoted 
immobilisation and prevented shearing strains. Certainly there was no evidence that the compression of 
early weight-bearing promoted union of fractures; the evidence was in the opposite direction—union was 
delayed. 

Normal protection from the adverse influence of compression lay in the avascular articular cartilage 
of joint surfaces, and the trabecular arrangement of bones which distributed compression forces. Even 
these did not suffice if compression was sufficient, and was sustained—as for example in the deformed foot 
of the Chinese girl, and the wedged vertebra of adolescent scoliosis. This had a bearing on the treatment 
of congenital dislocation of the hip joint in which, despite reconstruction of the acetabular roof, the 
distribution of weight-bearing could be so disordered by anteversion of the femoral neck that even a well- 
established acetabular roof underwent absorption before puberty, during the years of most rapid growth. 
Robert Jones Dining Club—The Robert Jones Dining Club met in London on the evening of the Robert 
Jones Memorial Lecture and the lecturer was toasted. 

Hunterian Oration and Hunterian Lectures—The Hunterian Oration will be delivered in the College 
on February 14 by Mr H. S. Souttar on ‘‘ John Hunter—The Observer.’”” MHunterian lectures in February 
will include ‘‘ Diastasis of the Tibio-Fibular Syndesmosis ”’ by Professor J. G. Bonnin; and “‘ The Treatment 
of Residual Disability following Injuries of the Peripheral Nerves of the Upper Extremity ” by Professor 
Robert Roaf. 
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Dinner to Professor T. P. McMurray on his Retirement from 






On October 20, 1948, 
a dinner was held in the 
Exchange Hotel, Liverpool, 
in honour of Professor T. P. 
McMurray, which gave to 
more than fifty of his old 
students an opportunity to 
thank him, and wish him well 
on his retirement from the 
chair of orthopaedic surgery 
in the University of Liverpool. 
In short. speeches, Bryan 
McFarland and Goronwy 
Thomas, who _ respectively 
had been McMurray’s first 
and last assistants, paid 
tribute to the greatness of 


} 
O° / chink youl Solna Nay 2 





his character. Mr °F. oR. 
Tucker of Winnipeg, Canada, 

1. Presentation Volume 
presented a_ leather-bound 2. Title Page 3. Portrait 
volume inscribed on vellum 


which embodied the signatures and portraits of men who have 
passed through the Liverpool School of orthopaedic surgery 
during the last twenty-five years. The feeling of those present, 
and of the many who sent greetings from far across the seas, 
was expressed in an address which prefaced the collection: 

“To Professor THomMAs PoRTER McMurrAyY—This book is 
signed and presented by your old students as a symbol of their 
respect and affection, and to record for ever the debt which they 
and their country owe to you. By your teaching and by your 
skill you have enhanced a great tradition. This is now our 
treasured heritage and by our deeds we will preserve it.”’ 

McMurray was deeply moved and in his reply he extended to 
““ The Boys,”’ near and far, a sincere invitation to come and visit 
him any time at Ystrad Cottage, Denbigh. He carefully spelt the 
word “‘ Ystrad.’’ Incidents of humour, courage, and skill were 
recounted in a series of spontaneous speeches which left no doubt 
as to the place which is occupied and held by Tom McMurray in 
the hearts of former students. 


the Chair of Orthopaedic Surgery in Liverpool 


A 7 
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DEGREE OF MASTER OF ORTHOPAEDIC SURGERY, UNIVERSITY OF LIVERPOOL 


In December 1948 post-graduates, who have gtudied orthopaedic surgery in Liverpool and allied 
centres during the last fifteen months, sat for the University degree of Master of Orthopaedic Surgery. 
Mr Bryan McFarland, Director of Orthopaedic Studies, was the internal examiner; and the external 
examiners were Professor G. Perkins (London) and Mr R. I. Stirling (Edinburgh). Twenty-two candidates 
were successful: 


Baker, G. W. : ‘ : : . 5 ft ; Edinburgh, Scotland 
Browne, R. F. . : ; : , 3 : : Birkenhead, England 
Covell, N. A. G. . , ; ‘ ; ; : ‘ Liverpool, England 
Dawson, R. H. . : F : . F ; Whangarei, New Zealand 
Denness, T. , ; ? : . ; ; : Liverpool, England 
Duraiswami, P. K. ; : ; . . ; , R Madras, India 
Gallagher, M. J. . : : ‘ ‘ ; é ; Brisbane, Australia 
Hughes, J. R. , é 2 ; i “ g Liverpool, England 
Hugh-Smith, W. A. . : : : ‘ ; : Sydney, Australia 
McSweeney, A. F. 2 ‘ : : % : ; Brisbane, Australia 
Minnaar, A. B. D. , ‘ . ; ‘ i ; Paarl, South Africa 
Mirkin) I... : : : ; ; : . Port Elizabeth, South Africa 
Mukopadhaya, B. : ? : : : P : ‘ : India 
O’Driscoll, R. F. . ; z . ‘ : : : é Nelson, England 
Patton, W. H. G. F ; , , ; i : : Nairobi, Kenya 
Robertson, J.H.G. . , : : : . Bulawayo, Southern Rhodesia 
Saha, A. K. : ‘ R ‘ . . F ; ; Calcutta, India 
Shatwell, G. L. . . : - : ; : ; Liverpool, England 
Slack, C. C. ; : , : : ‘ ; : Liverpool, England 
Smyth, E. A. ’ . ; : . : - Royal Army Medical Corps 
Sutherland, I. D. , : : : 3 : North Berwick, Scotland 
Virgin, W. J. ; : : ? , f 3 3 . Toronto, Canada 


ROYAL SOCIETY OF MEDICINE, AUTUMN 1948 


At a meeting of the Orthopaedic Section of the Royal Society of Medicine held on Tuesday, 
December 7, 1948, My A. S. Blundell Bankart (London) showed a film of his operation for recurrent 
anterior dislocation of the shoulder joint. 


Treatment of Secondary Deposits in Bone— Mr E. W. Riches (London) read a paper on the treatment 
of secondary deposits in bone from prostatic carcinoma. He recommended treatment by stilboestrol, 
the dosage being controlled by serial estimations of blood alkaline phosphatase. He showed records 
which demonstrated fall in the blood phosphatase level under treatment and gave grounds for much greater 
optimism than that which was generally to be expected from treatment by other methods. Myr Anthony 
Green (London) read a short paper on the general treatment of secondary deposits in bone, dealing 
principally with the use of high-voltage radiation therapy. He said that treatment should always be 
preceded by biopsy, and needle biopsy with a special instrument was useful. The instrument was 
demonstrated; but in subsequent discussion the shortcomings of needle biopsy for the diagnosis of tumours 
in bone were stressed. 


Electrical Reactions of Muscle in Poliomyelitis—Myr Jan McKenzie (Newcastle upon Tyne) gave a 
preliminary review of his work. The electrical reactions in affected muscle were altered characteristically, 


” 


ind this alteration might be demonstrated by plotting a “‘ time-intensity curve ’’—the same curve, for 
practical purposes, as that obtained by the Ritchie-Sneath method for determining altered chronaxia in 
lenervated muscle. Deviations of the curve from the normal were helpful in providing an earlier prognosis 
f the degree of recovery which might be expected in paralysed muscle. The optimal time for the 
uvestigation was four weeks after the onset of illness. An interesting discussion ensued, during which 
he president mentioned his association with this work, and stated his opinion that the investigation was 
ikely to prove valuable but that further inquiry was necessary before its true value could be estimated. 


Internal Rotation Dislocation of the Shoulder—Mr L. S. Michaelis (London) reported a case in which 
the shoulder joint was locked in full adduction and internal rotation. The radiographic appearances were 
leceptive. Attempted manipulative reduction was unsuccessful, and open reduction was performed. 
In the course of discussion only one member said that he had seen a similar case; this, too, had presented 


lifficulties in diagnosis and treatment, open reduction being necessary. It was pointed out that difficulty 
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in radiographic diagnosis should be overcome by examining the position of the medial epicondyle of the 
humerus which was an accurate index of the direction of the humeral head. 
Generalised Diseases of Bone in the Adult—At a meeting of the Section of Medicine, held in the Spring 
of 1948, Dr E. F. Scowen (London) discussed the effects of sex hormones and adrenal cortex on osteogenesis. 
Dr J. F. Brailsford (Birmingham) outlined his classification of generalised bone diseases, and Sir Thomas 
Fairbank (London) described unusual cases. 
Prevention of Accidents—At a meeting of the Section of Epidemiology and State Medicine held on 
November 1, 1948, Mr W. Gissane (Birmingham) discussed the incidence and severity of domestic and 
industrial accidents and said that there was no room for complacency. Structural arrangements in hospitals, 
modern equipment, and team-work which covered not only emergency treatmeit but also after-treatment, 
was not always as well developed as it should be. There had been definite progress. Many hospitals now 
had well organised accident departments. Crippling deformities which reduced industrial efficiency were 
less common than they had been. The effect of treatment was greatly enhanced when patients received 
rehabilitation specially designed to fit them for their particular work. The prevention of accidents might 
be difficult—but prevention of the crippling results of accident could be tackled forthwith. 

In analysing 736 accident cases treated in hospital, Dr Leonard Colebrook (Birmingham) said that 
504 occurred in the home, and 232 in industry. The fatality of home accidents was six times greater than 
that of industrial accidents; and the length of stay in hospital was 25 per cent. longer, due largely to the 
more serious consequences of burns and scalds sustained by children and old people. One-third of all 
patients sustaining burns in their homes were epileptics. The importance of prompt admission to hospital 
of all cases of burns whether due to hot liquids, coal fires, electric or gas fires, hot baths, or inflammable 
liquids, was emphasized. Preliminary emergency treatment nearly always complicated the problem. 


REGIONAL ORTHOPAEDIC CLINICAL MEETINGS IN GREAT BRITAIN 
Manchester Hospital Region 


During 1948, orthopaedic surgeons of the Manchester Hospital Region held three very successful 
clinical meetings. The first, of a preliminary nature, was held at the Manchester Royal Infirmary on 
April 3, 1948. Sir Harry Platt emphasized the need for close co-operation between practising orthopaedic 


surgeons of the region, and the value of informal meetings for the discussion of clinical and administrative 
problems. It was decided that not less than three meetings should be held each year—in February, July, 
and early December. Chief assistants, registrars, and house-officers working in the various orthopaedic 
departments were to be invited to attend and take part in the clinical discussions. My John Charnley 
(Manchester) and Mr R. S. Garden (Preston) were appointed conveners. There was a short demonstration 
of interesting cases by junior members of the Orthopaedic Department of the Manchester Royal Infirmary. 
The cases included: cyst of the medial meniscus; two femoral shaft fractures treated by Kuntscher nail; 
depressed fracture of the external tibial condyle in a young man treated by open reduction; complete 
rupture of the brachial artery accompanying dislocation of the elbow joint in an adult; gross prognathism 
treated by Kostecka’s resection of the ascending rami of the mandible. Photographs illustrating operative 
technique were demonstrated including the removal of disc prolapse, leg lengthening, and arthrodesis of 
the knee by compression. There was a museum demonstration of bone tumours. 

The Second Clinical Meeting was held on July 16, 1948, at the Wrightington Hospital for Surgical 
Tuberculosis, Wigan. Myr J. Dobson (medical superintendent) presented a series of cases of tuberculosis 
of the hip joint treated by ilio-femoral arthrodesis; cases illustrating secondary lesions after primary bone 
lesions; examples of gross shortening of the leg from premature epiphysial arrest at the knee in tuberculous 
disease of the hip joint; and a case of late paraplegia treated by conservative methods with recovery. 
Mr H. C. Palin (Burnley) showed radiographs of a case of displaced lower femoral epiphysis reduced 
successfully by open operation. My A. Ronald (Barrow-in-Furness) presented radiographs of fractures of the 
lower end of the tibia and lower end of the humerus due to falls from a height. Myr J. D. Kitchin (Lancaster) 
presented a case of bilateral stress fractures of the femoral neck in an old lady. Mr D. LI. Griffiths 
(Manchester) showed an interesting series of arteriograms and phlebograms in various orthopaedic 
conditions. 

The Third Clinical Meeting was held at the Preston Royal Infirmary on December 3. It was well 
attended; and having started at 10.45 a.m. it ended only at 6 p.m. with one hour’s break for luncheon. 
Nine short papers aroused much interest and lively discussion. Myr R. S. Garden (Preston) demonstrated 
cases of acute haematogenous osteomyelitis treated by massive dosage of penicillin combined with early 
metaphysial decompression by drilling—the method recently advocated by Tucker and Hollenberg (Lancet, 
1948, 1,7). All cases healed rapidly without sinus formation or sequestration. The treatment of fractures 
of the calcaneus by means of a walking plaster was demonstrated. In this apparatus the walking cast 
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cted as a below-knee walking splint and it left the foot free, and capable of movement, though protected 
rom weight-bearing. The treatment of fractures of the upper end of the tibia involving the knee joint by 
arly movement was illustrated. In all these tibial fractures in elderly patients there was an excellent 
ange of painless movement after a comparatively short period of disability. 


3lood Supply to the Femoral Head—WMr F. R. Tucker (Liverpool) demonstrated specimens in which 
1e blood supply to the femoral head had been revealed by injection of opaque masses. Convincing 
vidence was presented that the ligamentum teres carried a significant blood supply in the adult. The 
anger of destroying this blood supply during nailing of the femoral neck, if the point of the nail was 
lowed to reach the fovea, was stressed. These anatomical studies suggested that internal fixation by 
:iultiple wires might produce less obliteration of essential vascular supply. 


l.adio-ulnar Synostosis—Mr I. D. Kitchin (Lancaster) demonstrated a child with bilateral synostosis in 
extreme pronation, treated by resection of the upper end of the radius. There had been striking 
improvement in the function of the hand, and on one side a slight range of rotatory movement had been 
regained. He also demonstrated a case of bilateral Madelung’s deformity with an excellent result after 
resection of the lower end of the ulna. 


Tight Tendo Achillis—Mr W. Sayle Creer (Manchester) presented a film. The relation between 
the everted and pronated foot, and the tight tendo Achillis, was emphasized. Methods of testing 
for shortness of the tendo Achillis were demonstrated and an instructive working model showed how 
tightness of the tendon could make the foot break at the mid-tarsal point by dorsiflexion while walking. 
Examples of relief by elongation of the tendon were shown. The film was commended as an example of 
skilful medical photography. 

The Healing of Fractures—Myr John Charnley (Manchester) presented histological sections. He contrasted 
the appearance of profuse callus in a fracture of the femoral shaft sustained by a patient who died on the 
twenty-eighth day, with the appearance of pseudarthrosis of the ulna at six months. The réle of ensheathing 
callus was discussed. The observation was made that in pseudarthrosis the essential fault appeared 
to be failure of the ensheathing callus to bridge the gap. These sections suggested that pseudarthrosis 
was no more than a local phenomenon. 

Congenital Dislocation of the Hip Joint—Mr S. M. Milner (Manchester) discussed treatment. 
He favoured gradual reduction without trauma by means of an abduction frame with leg irons which 
could be abducted to 90 degrees. Interest centred on the small number of cases in which this method 
failed. In discussion Sir Harry Platt referred to cases in which apparently perfect reduction was followed 
by subluxation; and, conversely, reductions which initially appeared to be doubtful but later resulted in 
hips with perfect function. The rdle of anteversion of the femoral neck, and of open reduction in relation 
to the interposition of soft parts, was discussed. 

Fracture-dislocation of the Lumbar Spine—Mr C. H. Cullen (Leigh) described treatment by 
internal fixation. He used two metal plates bolted on each side of the spinous processes, extending from 
two spines above the lesion to two below. He indicated the value of this method in cases of paraplegia. 
-xperience in coal-mine injuries made him sure that it was the procedure of choice. He operated at once 
under local anaesthesia and found no difficulty in reducing gross deformities by elevating the “ kidney 
rest ’’ of the operating table and manipulating the fracture by bone forceps applied to the spinous processes. 
Loose fragments of bone were often removed. After internal fixation nursing was simple; and the comfort 
of patients, despite paralysis, was in striking contrast with the miserable state of those treated in plaster 
beds. Several cases of remarkable recovery from profound paraplegia were described. 


egs-Calvé-Perthes’ Disease—Mr F. C. Dwyer (Wigan) described his experience of ambulatory 
eatment in the Thomas patten-ended caliper. Mr C. E. Dransfield gave a demonstration of appliances for 
g and foot deformities which he had made in conjunction with a local instrument maker. A heavy 
luminium insert to the shoe was used for the treatment of the pronated foot with metatarsal callosities. 
he concealment of gross degrees of leg shortening by special boots carrying an extension platform was 
irticularly impressive. 


adiographs of interesting cases were demonstrated—a case of perilunar mid-carpal dislocation in 
child of eight (Mr A. Ronald); a case of Calvé’s osteochondritis of the spine in a child of eight; and one 
{ Pott’s disease of the fifth lumbar vertebra, originally diagnosed as pyogenic osteomyelitis because 
aphylococci were obtained in pure culture from the abscess at the first aspiration (Mr J. Dobson) ; a reversed 
lonteggia fracture (Mr I. D. Kitchin); a case of osteomalacia in a woman aged twenty-eight years (Mr 
’. W. Agnew); a bilateral fracture of the mandible through the wisdom teeth due to a blow at a point 
f the jaw in a patient who previously had incomplete occlusion at the incisors (Mr H. C. Palin); a case 
of premature fusion of the lower femoral and upper tibial epiphysis from unknown causes (Mr D. Cranna). 
Future Meetings—It is proposed to hold three meetings of the Manchester Hospital Region in 1949—in 
Manchester in February; at the Ethel Hedley Hospital, Windermere, in July; and in Blackburn in December. 
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The South-West Orthopaedic Club 


A meeting of the South-West Orthopaedic Club was held on October 2, 1948, at Winford Orthopaed 
Hospital, near Bristol. Myr H. Chitty, the chairman, regretted the death since the previous meeting < 
Mr Charles Kennedy of Plymouth, the first chairman of the Club and a pioneer of orthopaedic surgery i 
the South-West. 


Prolapse of the Intervertebral Disc—My K. H. Pridie (Bristol) read a short paper on the indicatio1 
for operation in prolapse of the intervertebral disc. He advised against operation in the quiescent phas 
when there was no limitation of straight leg raising. A spinal graft was seldom necessary. He did nc 
believe that radiographic examination gave much assistance in diagnosis. Myelography was definitel 
harmful. 

Manipulation of Joints—Mr ]. Bastow (Bath) discussed the indications for manipulation of joints, th 
chief of which were pain, limitation of movement, and deformity of joints. He emphasized the importanc 
of full investigation before embarking on manipulative treatment which often led to disaster. Manipulatio: 
without anaesthesia was sometimes useful, particularly in lesions of the muscular system. 


Compound Palmar Ganglion—Mr D. M. Jones (Bristol) reviewed the etiology, pathology, and treatmen 
of compound palmar ganglion and demonstrated four cases treated by operation. 


Demonstrations— Miss M. Forrester-Brown (Bath) demonstrated the well-known hip splint she ha 
devised for early cases of congenital dislocation of the hip joint. She also showed the splint she used during 
the convalescent stage of tuberculous disease of the hip joint. Mr A. J. Watkin and Mr Bailey (Winford 
demonstrated various types of apparatus used at the Winford Orthopaedic Hospital, including the Culle1 
turning frame for recumbent patients in plaster, and a perspex radiographic cassette holder and frame foi 
use during the operation for nailing a fractured neck of the femur. A simplified apparatus for th: 
application of Russell traction was demonstrated for the treatment of fracture of the shaft of the femur. 


Clinical cases were shown at the afternoon session by Mr K. H. Pridie, Mr A. L. Eyre-Brook, and 
Mr D. M. Jones. 


BRITISH ASSOCIATION OF PLASTIC SURGEONS 


Clinical Congress, 1948—The British Association of Plastic Surgeons held its Summer Congress on 
September 16, 17, 18 at Oxford and Stoke Mandeville under the presidency of Professor T. P. Kilner. 
The meeting was attended by ninety delegates; including members-and visitors from America, Belgium, 
Denmark, Ireland, Norway, Sweden, and South America. 

Dr Sumner L. Koch (Chicago), the guest of honour, addressed the Association on the Surgery of the Hand. 
He had found that healing was more certain since the application of antiseptics had been abandoned. 
Ordinary soft white soap was used to prepare the operative field the afternoon before operation; and again, 
by an assistant, on the operating table. He used an inflatable arm-cuff as a tourniquet, and was prepared 
to leave this on for as long as three and a half hours. No sign of paralysis has yet been seen in any 
patient. The cuff was deflated at the end of the operation to allow the ligation of large vessels, and it 
was then reinflated until the final bandage had been applied. 


Suture of Severed Flexor Tendons of the Digits—Dy Koch said that he would not suture tendons 
divided within the digital sheath because the blood supply was so poor. He preferred to use a transplanted 
tendon from the dorsum of the foot, passing this round the base of the distal phalanx. Fine silk was used 
for suture material in preference to any form of wire. He had no personal experience of wire but had not 
been impressed with the results he had seen. Tendon grafts to fingers were never undertaken until all 
joints were mobile. For uniting divided nerves he advised the finest cataract silk on eyeless needles in 
the form of simple interrupted sutures. The hands and fingers were splinted in full flexion for three weeks; 
modified splinting to prevent full extension was continued for a further period. The results of nerve 
suture carried out more than two years after injury were poor. 


Decubitus Ulcers in Paraplegic Patients—Myry R. J. V. Battle (London) said that free grafts were of 
no value. Carefully planned local flaps were the solution to this problem, but operations should not be 
undertaken unless the patient was in good condition, for, at best, healing tended to be delayed. 


SCOTLAND 


Appointment of Mr Walter Mercer as Professor of Orthopaedic Surgery in the University of 
Edinburgh—tThe Court of the University of Edinburgh has appointed Mr Walter Mercer to the recently 
established George Harrison Chair of Orthopaedic Surgery, which carries with it the responsibilities of 
Director of Orthopaedics for the South-Eastern Region of Scotland. Professor Mercer is fifty-seven years of 
age. He was trained in Edinburgh and graduated at the University of Edinburgh in 1912. In 1915 he was 
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commissioned and served as a regimental medical officer to the King’s Own Scottish Borderers and Royal 
Scots Fusiliers, and later in base hospitals in France and Italy. In 1918 he was appointed to the surgical 
staff of the Edinburgh War Hospital, Bangour, under Sir Harold Stiles. In 1920 he was elected clinical 
utor to Mr J. W. Dowden in the Royal Infirmary, and the next year was made a Fellow of the Royal 
college of Surgeons of Edinburgh. In 1925 he was appointed to the staff of the Royal Infirmary where 
he served in the Department of Clinical Surgery in the wards of Sir John Fraser, until his appointment 
to full charge of wards in 1943. At the outbreak of the recent war he 
served as consultant surgeon in orthopaedics at Larbert Base Hospital, 
ind surgeon to the thoracic unit at Bangour Base Hospital. 

The objectives of the new Professor and Director of Orthopaedics 
will be to co-ordinate and extend existing orthopaedic services of the 
Region, and to organise undergraduate and post-graduate instruction 
vith a view to the establishment of an Edinburgh School of Orthopaedics. 
{n a recent press report we read that ‘‘ Mr Mercer’s new appointments 
will not occupy him full time,’’ but we take leave to doubt the accuracy 
f this observation. His reputation as a general surgeon is international ; 
his interest in the surgery of the chest and heart, and his very special 
interest in orthopaedic surgery is widely known; and the industry with 
which he has prepared three successive editions of his text-book, 
“Orthopaedic Surgery,” is acknowledged. We are quite certain that 
Professor Mercer will apply the whole of his energies to the task for 
which he is so well fitted. It is a task which will demand all of his Mr Walter Mercer, recently 
ereat resources. appointed Professor of 
North-East Region—The North-East Region of Scotland, which is Orthopaedic are pe og 
based on the two central hospitals of Aberdeen—the Infirmary and the enn a eee 
Hospital for Sick Children with forty-five beds for orthopaedic cases, 
and tiie base hospital at Stracathro with two hundred beds, is now served by peripheral orthopaedic clinics 
for adults and children at Elgin, Huntly, Keith, Banff, Fraserburgh, Peterhead, and Stonehaven. A new 
orthopaedic department under the direction of My A. M. Rennie, Lecturer in Orthopaedics to the University 
of Aberdeen, has recently been opened at the Infirmary with plaster room, waiting room, almoner’s office, 
and two consulting rooms each with two dressing rooms and lavatory. A feature of the new building is 
the construction with glass-bricks which permit excellent lighting despite the necessity for construction 
between two high buildings which would otherwise shut out much of the light. 

Scottish Surgical Paediatric Club—The first meeting of the recently formed Paediatric Club was held in 
Glasgow on December 17-18, and was attended by twenty-seven members representing Aberdeen, Dundee, 
Edinburgh, Glasgow, and Inverness. A dinner was held in the Royal Faculty of Physicians and Surgeons 
on the evening of December 17. A very full programme was arranged at the Royal Hospital for Sick 
Children, Glasgow. In the morning, four papers were read and discussed; and in the afternoon there 
were clinical and pathological demonstrations. The next meeting will be held in Aberdeen in May 1949. 
Orthopaedic surgeons in Scotland, whose practice is concerned with children, are invited to join the club. 
Scottish Council for the Care of Spastics—A special school for the care of children with spastic paralysis 
has just been opened in Edinburgh by the Scottish Council for the Care of Spastics. The house which 
has been converted for this use was bought recently by the Scottish Branch of the British Red Cross Society. 





AUSTRALIA 


Arthur Sims Commonwealth Travelling Professorship—On the recommendation of the Presidents 
of the Royal Australasian College of Surgeons, the Royal College of Surgeons of England, and the Royal 
College of Physicians, Sir Reginald Watson-Jones has been appointed Arthur Sims Commonwealth 
Travelling Professor for 1950. A tour of Australia and New Zealand is being arranged and the Common- 
wealth Professor will attend the twenty-third annual general meeting of the Royal Australasian College 
in Adelaide. It is hoped also to arrange a visit to Canada and, if possible, to the surgical centres 
of the Colonies of Africa. 


THE COLONIES 


Little is known of the remarkable progress which is being made in orthopaedic surgery in the Colonies 
of the British Commonwealth. We have invited from orthopaedic surgeons in Kenya, Nigeria, and 
Mauritius, an account of their activities. To these pioneers of surgery it must sometimes seem that their 
work is not recognised; and it is true that few are in a position to know how great is their task. But no 
matter how great their problems may be they should not be discouraged. We are aware of their difficulties, 
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and we are aware of the faithful sense of responsibility with which their difficulties are being met. Gre: t 
progress is being made, for which all responsible surgeons of the English-speaking world are grateful. We 
expect from these surgeons many important contributions to our Journal, and meanwhile, in offerirz 
congratulations on their achievement, we acknowledge the privilege of being able to report their activitie . 


Orthopaedic Centre, Nairobi, Kenya 


Mr W.H. Kirkaldy-Willis tells us that his orthopaedic centre in Nairobi, Kenya, has now been runnir z 
for about six years. It was started for the benefit of African pensioners who had been discharged from tt e 
Forces. Since that time it has developed to include orthopaedic in-patient and out-patient treatment fcr 
all races. The possibility is now being considered that this might become the orthopaedic centre for the 
three main territories of East Africa—Kenya, Uganda, and Tanganyika. 

In the hospital wards and rehabilitation centre there are about 120 beds, but very often there ar» 
many more patients in the African wards than is warranted by the number of beds that are availabl. 
The new hospital buildings, with about 900 beds, will be completed in the near future. The Europea 
staff includes one surgeon, two physiotherapists, one orthopaedic technician and one apprentice. In the 
workshops there are three Indian artisans. The rest of the staff is African: an African surgeon, Africa. 
masseurs, and African assistants in the wards, plaster room, theatre, and workshops. 


Fic. 1 


Exercises in the gymnasium of the Nairobi Hospital which may become the 
orthopaedic centre not only for Kenya but also Uganda and Tanganyika. 


With certain differences, the types of case are much the same as in Great Britain. There are very many 
fractures, most of them resulting from motor accidents. Ununited and malunited fractures are sent from 
all over the Colony. Old unreduced dislocations of the hip and elbow joints are often seen. Osteomyeliti: 
is very common; usually it is seen in the later stages, with the shafts of long bones affected more often 
than epiphysial areas. Brucellosis of bones and joints is by no means rare. Cases of bone and joint 
tuberculosis occupy almost one-half of the beds, but accompanying chest lesions are seldom seen 
Disabilities of the foot—pes planus, hallux valgus, and so on, are rare, possibly because few African: 
wear shoes. 

In the rehabilitation centre, which is next door to the hospital, there is a well-equipped physiotherap) 
department, a workshop where all appliances from walking calipers to artificial limbs are made, and « 
handicrafts and occupational therapy unit. Long-term patients, both men and women, do knitting an: 
toy making. Some patients carry on spinning in their homes after discharge from hospital, bringing th: 
wool for sale at three to six-monthly intervals, and thus making possible late review of their condition 
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The handicrafts department is self-supporting and each 
patient is able to earn money while in hospital, and ¢ven 
after discharge. 

Routine ‘‘ follow-up ”’ of patients is not yet arranged, 
but it is hoped shortly to have the services of a well- 
qualified African assistant who will build up a “ follow-up ” 
department, make arrangements for patients to return for 
examination at regular intervals, and maintain contact 
with them and with Welfare Officers so that the standard 
of living, particularly of tuberculous patients, may be 
raised. It is hoped that this venture may lead to the 
development of “‘ after-care ’’ clinics in the African Reserves. 

The theatre team, though overworked, is good. It is 
well versed in technique. The standard of 
nursing in the wards is still low; there is much room for 


‘ , 


‘no touch’ 


improvement. Training facilities are poor, but it is hoped 


that there will be more adequate training for male and 
female nurses in the very near future. 

In this department the opportunities for clinical 
research are without limit. Unfortunately, by reason of 
lack of staff, no more is possible than to attempt surveys 
of a small fraction of the clinical field which is available. 
Tuberculosis has been studied (Kirkaldy-Willis 1946) and 
there have been reports on certain orthopaedic problems 
(Kirkaldy-Willis 1947, 1948); but much remains to be 
done. In writing these observations the kind permission 
of the Honorary Director of Medical Services, Kenya, 
is acknowledged. 

Myr Osmond-Clarke (London) has returned recently 
from Nairobi and he writes with enthusiasm of the 
Orthopaedic Centre of the Nairobi Hospital, Kenya. He 
visited not only the wards but the workshops and 
rehabilitation unit and says: ‘‘ Mr Kirkaldy-Willis has 
done well. His ward orderlies, theatre orderlies, rehabili- 
tation orderlies, plaster room boys, and one African 
surgeon, are all fired with tremendous enthusiasm. The 
nursing service is deficient because there is only a handful 
of white nurses, but when someone becomes aware of 
the enormous pool of African males and females, and has 
educated them, things will improve in the nursing world. 
Meanwhile, it is quite amazing to see the most excellent 
artificial limbs, which are made on the spot and fitted 
carefully. The patient is trained thoroughly in walking 
before he leaves hospital—all in the best Roehampton 
style.”’ 
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Fic. 2 


Carpets woven by convalescent patients 
in the orthopaedic centre, Nairobi. 


Fic. 3 


Patient with double amputations fitted in 
Kenya with artificial limbs “in the best 
Roehampton style.” 
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Igbobi Orthopaedic Hospital, Nigeria 


Mr T. L. Lawson, Orthopaedic Surgeon at Igbobi Orthopaedic Hospital, writes from Lagos—This hospital 
was designed and erected by the Nigerian Government to meet military requirements for reconstructive 
surgery and rehabilitation, with the ultimate aim that it should become a civilian orthopaedic hospital 
for Nigeria. After the war, conversion took place rapidly. Early in 1946 it became an Orthopaedic Hospital 
with one surgeon, one sister, and little equipment—not even proper beds or sterilizers. In two and a half 
years it has expanded to a unit with four sisters, sixty nurses, two physiotherapists, a thriving training 
school for African physiotherapists, an occupational therapy department, a limb-fitter with a staff of 
skilled technicians for making fully articulated limbs and orthopaedic appliances, and a radiographic staff. 
The equipment is excellent and the few things lacking are being provided gradually. The kitchens, laundry, 





Fic. 1 


Cheap mobile frame, with turning case, constructed in our own workshops for 
tuberculosis of the spine. 


autoclaves, and operating theatre, are all served with electricity and steam-heat from a central source. 
There is a swimming pool and gymnasium which would be the envy of many hospitals in the United 
Kingdom. The present bed capacity is 180; in the near future it is hoped to build ward accommodation 
for 240 general orthopaedic cases (the present wards being rather unsuitable temporary expedients), and 
also a separate accident unit with a further sixty beds, an operating theatre, radiographic and other 
equipment. 

Almost all the varieties of crippling complaint which are found in the United Kingdom are seen in 
Nigeria, often in their more gross forms. At the time of writing, cases occupying the 180 beds include: 
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tuberculosis of the spine—54; tuberculosis of other joints—21; simple fractures—15 
fractures—9; poliomyelitis—9; fractured spines with paraplegia—5. 


Among other cases are examples of fragilitas ossium, Perthes 


; compound 
” disease, osteomyelitis, ununited 
fractures, malunited fractures, Little’s disease, rickets, and a varied collection of bone tumours. Over 60 
per cent. of our cases are children, of different tribes from all parts of Nigeria. 

Some of our problems are much the same as in England, particularly the size of the waiting list and 
the lack of trained staff. From the purely clinical point of view, there are many minor differences. 
Inability to elicit a case-history of any degree of accuracy is disconcerting. One is compelled to rely largely 
on physical signs and radiographic findings. At the outset, in view of the huge number of cases we would 
be called upon to treat, it was decided to risk early operation for tuberculosis of the spine. Many spinal 
fusions were performed, using iliac bone grafts in quite young children. The early results were 
astonishingly good; but we were not long in discovering that the results were just as good after conservative 
treatment. The rate of healing seems to be more rapid than in England, especially when concomitant 
infections such as malaria and helminthiasis are treated. The effect on these patients of good food and 
1 well-ordered life has to be seen to be believed. For climatic and economic reasons we have designed 
i cheap mobile frame for the treatment of tuberculosis of the spine; it is of simple construction, is made 
n our own workshops, and is easy for nursing (Fig. 1). Similarly, we have had to make a well-ventilated 
nodification of the doll’s collar (Fig. 2). 





Fic. 2 


Climatic and economic reasons make it necessary for 
cervical collars to be well ventilated and simple in 
construction. 


About one thousand fractures a year are treated and, so far, the impression is that healing is very rapid 
indeed in spite of poor diet. Fractures have to be immobilised very securely; ambulatory plasters must be 
strong. The patients’ desire to remove skin traction in the small hours of the night is very frequent, 
so that one is more inclined to plate a fractured femur than would be the case in England. For economic, 
environmental, and occupational reasons, treatment has often to be radical rather than conservative; 
is for instance the performance of triple arthrodesis for a paralytic drop foot, or osteotomy instead of 
iltered shoes or splints for genu valgum. There is an alarmingly high incidence of tetanus; but on the 
ther hand the resistance to traumatic shock is relatively high. 

The ultimate aim is to make this hospital the headquarters for the administration of a country-wide 
iccident and orthopaedic service, and for the training of staff. Such a service is essential in a country 
vhere physical incapacity is much more serious in its economic effects than in a more highly developed 
society; and since the population of Nigeria is over twenty millions it will have to be extensive. 
Jnfortunately expansion is bound to be slow because, even apart from staff shortages, financial 
-onsiderations loom large. The building of a hospital service from four bare walls has been stimulating; 
but even this could not have been achieved if it had not been for the tremendous enthusiasm which has 
x2en shown by all the members of all the departments. 
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Orthopaedic Work in Mauritius 


My J. M. Fitton, Surgeon in charge of the Orthopaedic Service in Mauritius writes: The hospitz 
service of Mauritius had no orthopaedic department until 1945 when a severe epidemic of poliomyeliti 
occurred. It is true that a department had been planned, but at the time that we had to deal with 1,10: 
cases of poliomyelitis there was no department. Accommodation was required urgently; and it wa 
decided to establish an emergency hospital in a disused naval camp on a racecourse at Floreal, on th 
plateau in the centre of the island. Professor Seddon and others, who came out from England to organis bs 


the medical care, and study the epidemiology of the outbreak, opened this hospital in April 1946 i 
Members of the Mauritian branch of the British Red Cross formed the nursing staff. The hospital is sti if 
in use, but it is to be replaced by a new and more permanent building, the construction of which will begi 
in the near future. ; 
In the first year, the Floreal hospital consisted of nine wards with 225 beds, all of which were occupied fe 


and a physiotherapy department equipped with spring suspension apparatus, an exercise pool, and 
walking ring. Since 1946 the number of wards has been reduced to six, and about one hundred patient 





with poliomyelitis are still in hospital. Four huts have been taken into use for other purposes. On 
has been converted to a schoolroom, equipped by the Department of Education with a hospital staff o 
three teachers. A second hut has been made into an operating theatre; it leaves much to be desired bu 
it is at least possible to carry out such surgical treatment as may be required. Ina third hut, a carpentr: 
and cobbling shop has been established, serving as a handicraft room for older boys and as a place fo 
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Fic. 1 Fic. 2 Fic. 3 


Types of deformity seen in the Floreal Hospital, Mauritius—tuberculous kypho-scoliosis 
(Fig. 1); untreated congenital club foot (Fig. 2); severe deformities after poliomyelitis 
(Fig. 3). 


Be oaauind 


minor repairs. The fourth hut has been divided to form an out-patient department, a records office, and 
an occupational therapy department. All orthopaedic appliances are made in the workshops of H.M. 
Prisons under the supervision of an officer who spent a year in England on a special training course; the 
labour is supplied by prisoners and a few outside technicians. Despite almost complete lack of machinery, 
appliances for over five hundred patients have been made and kept in repair. 


eeeaspsties 


Towards the end of 1946 an orthopaedic service was started in the two most important general 
hospitals, and recently it has been extended to a third. Weekly out-patient clinics are held at each 
hospital and beds are set aside for in-patients with orthopaedic conditions, though eventually these will 
be treated at the orthopaedic centre. Treatment is given three days a week by physiotherapists and a 
remedial gymnast from Floreal Hospital. 

Difficulties have been encountered in treatment. Most of the inhabitants of the island belong t 
the labouring class; they are uneducated and many of them live in squalid conditions. Persuasion, and 
constant persuasion, has been necessary to overcome parental prejudice against the admission of children 
to hospital, and even at times to the fitting of appliances. It has often been impossible to maintain the 
use of appliances by reason of severe scabetic lesions of the affected limb which tend to persist owing t 
the bad home conditions. That these difficulties have been largely overcome has been due to the 
enthusiastic work of hospital nurses who have acted as home visitors since 1945, and to the happy 
atmosphere which exists in the Floreal Hospital. Follow-up clinics have been held weekly at the hospital, 
and at intervals of three to six months in each district of the island. The progress of treated cases has 
been observed, and many patients with previously unrecognised poliomyelitis and other orthopaedic 
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conditions have been examined. Since 1946 about two hundred and fifty old cases of poliomyelitis have 
been recorded. More than half of them date from before 1945, and analysis shows that the disease existed 
in Mauritius as far back as the last two decades of the nineteenth century. There must have been several 
small outbreaks of the disease, although previously there was no epidemic. Poliomyelitis is also endemic 
in the neighbouring French islands of Reunion and Madagascar. In Madagascar, the first epidemic occurred 
between December 1946 and March 1947 when nearly three hundred people were affected. The possible 
occurrence of a further epidemic of poliomyelitis has been constantly in mind; but since 1945 there have 
been only sporadic cases. In 1946 twenty-seven new cases were recorded; in 1947 there were nine; and 
in 1948, up to the end of October, only eight. 

Orthopaedic surgery in Mauritius differs in many respects from that with which one is familiar with 
in England. In general, lesions when first seen are more advanced (Figs. 1-3). There is a high incidence 
of acute and chronic, tuberculous and pyogenic infections of bones and joints, which though striking is 
not surprising in view of the poor general health of the population. One gains the impression, which is 
difficult to confirm, that diseases of the nervous system are unusually common, especially in the poorer 
classes. Congenital deformities are frequent. The commonest deformity is congenital club foot (135 
cases so far): having been neglected, it is usually difficult to treat (Fig. 2). By contrast, congenital 
dislocation of the hip joint is rare, only three cases having been seen in the same period. 








UNION OF SOUTH AFRICA 


Pretoria—At Pretoria University Medical School (Afrikaans medium) an orthopaedic department was 
established about four years ago under the control of the Department of General Surgery. Dr Johan du 
Toit, with his staff of assistants, controls a unit of 300 beds, half of them European. Much of the work 
is traumatic; but for long-stay cases a modern after-care home was built and opened last year. There 
are open-air terraces, wide glass doors, and beds which can be easily wheeled out of the spacious wards. 
The buildings are adapted to Pretoria’s subtropical climate. The ceilings are high and there is ample 
ventilation. The architectural design allows for expansion, and the essential services are so planned that 
there may be extension to 200 beds. Wards are so arranged as to facilitate classroom teaching, with 
blackboards covering the whole south side of each ward. 

Non-European facilities will soon be amplified at Atheridgeville by the construction of an orthopaedic 
; unit in the residential area of the non-European section at a cost of £110,000. Large contributions have 
ie been received from the Nuffield Fund of Great Britain, the Native Trust, and the Voluntary Cripples’ 
Care Organisations. The Provincial Government has approved the scheme, offered to make up all that 





rem 


— 





is lacking, and meet running expenses. 
Johannesburg—Here also there has been rapid expansion of orthopaedic services. Mr J. M. Edelstein, 
Nuffield Lecturer in Orthopaedics, is chief of the Department of Orthopaedics at the Witwatersrand 
Medical School and senior surgeon to the Johannesburg group of hospitals, controlling about 250 beds 
with a staff of ten registered orthopaedic specialists. Many others are in training... The 1,500 bed 
Baragwanath military hospital, built by the Imperial Government during the war and then staffed largely 
by South Africans, has been taken over by the Provincial Hospitals’ Department for non-European work 
d : and 150 beds have been allocated to orthopaedics. A large pavilion is being allocated for the treatment 
e t of tuberculous disease of bones and joints. Negotiations are in progress for the establishment of a non- 
e ; European nurses’ orthopaedic training centre. 
, At the Witwatersrand Medical School, a Nuffield Museum of Orthopaedic Pathology is growing rapidly 
4 under the direction of Mr Edelstein. Post-graduate teaching has now been continued for five years. The 
il : volume of clinical material is so great that post-graduates have practical apprenticeship on a scale almost 
h unknown in any other overseas clinic. 
ll At the Hope Convalescent and Training Homes, cripples in all stages of treatment are given routine 
a ‘ school education as well as vocational training under the direction of the Transvaal Cripples’ Care 
Association. At the Hope Training Home the number of beds is being increased to two hundred. 
( : Cape Town—Mr Hamilton Bell, who is in charge of the orthopaedic section of the Cape Town group of 
d hospitals, has approximately 200 beds and controls the treatment of all fractures. Orthopaedic work 
n has been developing in Cape Town and Johannesburg for a quarter of a century. Nevertheless, progress 
‘ was slow until Lord Nuffield made his donation of £100,000 and Professor Girdlestone of Oxford, England, 
: visited the centres and gave advice. Since then the National Council for the Care of Cripples has flourished. 
P Four provincial Cripples’ Care Societies, and other affiliated organisations, have developed.’ Under the 
guidance of Mr Justice Feetham and Mr Charles Te Water, president and chairman of the Nuffield Fund, 
interest has been stimulated and the growth of many orthopaedic centres has been fostered. The moving 
force in these projects has been Mr Charles Te Water, now Ambassador Extraordinary to the Union 
Government. 
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The Chamber of Mines Hospital, run by the Rand Mutual Assurance Company, is at present the only 
large-scale private organisation providing comprehensive traumatic services to an industry. Employing 
40,000 European miners and 250,000 Bantu workers, this industry has for a quarter of a century organised 
an industrial medical service. The Chamber of Mines Hospital which, ten years ago, cost approximately 
£270,000, is run by a full-time administrative staff, a highly specialised legal department, a group of part- 
time specialists, and a team of full-time industrial medical officers. The radiological department under 


Fic. 1 


The Hope Convalescent Home, Johannesburg. Part of the open terrace on 
Parktown Ridge where crippled children have their schooling in the sun. 


Fic. 2 


The orthopaedic and general surgical wards of the private Industrial Hospital for 
European employees of the Gold Mines, Cottesloe, Johannesburg. 


Dr M. Weinbren is an example of supreme efficiency. This hospital stands axa model for the country in 
proving that efficiency pays in the treatment of injured workmen. 


The South African Railways, controlled by the Government, decided three years ago to institute an 
orthopaedic service for its injured employees. The experiment is still in progress and we await with 
interest the results of actuarial analysis in a specialist service developed by one of the largest employers 
of labour in the country. 
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Mr G. T. du Toit of Johannesburg, member of the British Editorial Board of the Journal, who sent 
this report of the development of orthopaedic surgery in South Africa, reminds us that in his country 
much resistance and some ignorance has had to be ovércome. He is nevertheless proud to believe that 
after years of antagonism and inertia, orthopaedics is gaining recognition in the Union. He recalls that 
there is still a vast reservoir of untouched orthopaedic work. But he is convinced that progress will 
continue and that very great strides have already been made. 


FRANCE 


French Society of Orthopaedic Surgery and Traumatology—tThe twenty-third meeting of the French 
Society of Orthopaedic Surgery and Traumatology was held in Paris on October 2, 1948, under the 
presidency of M. Marcel Boppe (Paris). There were visitors from other countries including President 
Meyerding, President Valls, President Frejka, President Lorenz, and Messieurs Scholder, Van Nes, Delchef, 
Soeur, Ortolani, Yotchich, and others. 

Treatment of Inequality of Leg Length—This was discussed by M. Pierre Bertrand (Paris) and 
M. Albert Trillat (Lyons). Increasing the rate of growth of the shorter limb by venous stasis, physical 
therapy, and sympathectomy was rejected as unreliable. Delaying the growth of the longer limb was 
believed to be more satisfactory. Epiphysiodesis was the procedure of choice. Operative leg lengthening 
was frought with many dangers; whereas operative shortening of a limb was almost free from risk. Fixation 
of the fragments had been facilitated by intramedullary nailing. 

Treatment of Fractures of Both Bones of the Forearm in the Adult—This was discussed by M. Robert 
Soeur (Brussels). Manipulative reduction should be attempted when it was judged that a stable position 
might be achieved. Open reduction, when necessary, should usually be followed by a simple well-moulded 
plaster. When internal fixation was deemed necessary, intramedullary nailing seemed to be the method 
of choice. The nail should be large enough to fit tightly in the medullary cavity in order to avoid the 
possibility of rotation. M. Marcel Févre (Paris) described his management of these fractures in children. 
In most cases manipulative reduction was satisfactory with plaster immobilisation for six or eight weeks. 
Only irreducible fractures needed open reduction. Plaster fixation was sometimes supplemented by 
intramedullary Kirschner wires. 

Appointment of Merle d’Aubigné to the Chair of Orthopaedic Surgery, Paris—It is with great 
pleasure that we congratulate Robert Merle d’Aubigné, who is well known in Great Britain and the United 
States, on his appointment as Professor of Orthopaedic Surgery in Paris in succession to Paul Mathieu. 
Professor d’Aubigné has many friends in the English-speaking nations. He is determined that the bonds 
of friendship between British and French orthopaedic surgeons should be sustained. We can say no more 
than that we support him in his endeavours. Long may we remain friends and colleagues, and long may 
we co-operate. To our friend Robert we offer good wishes; and to our colleague, Professor Merle d’ Aubigné, 
we offer congratulation. 


CZECHOSLOVAKIA 


Czechoslovak Society of Orthopaedic Surgery—A meeting of the Czechoslovak Society of Orthopaedic 
Surgery and Traumatology was held in Prague from September 23 to 26, 1948. Many papers were 
presented to an audience which included visitors from Poland, Bulgaria, and America. 

Congenital Dislocation of the Hip—Pyrofessor Jan Zahradnicek (Prague) said that in correcting 
disordered mechanics of the hip joint it was necessary to consider the altered neck-shaft angle of the femur. 
If anteversion persisted the final result would be imperfect even although the short-term result might 
appear promising. With these factors in mind he had devised an operation. Through a lateral approach, 
the greater trochanter was divided and retracted upwards with attached muscles. The dislocation was 
reduced, and an osteotomy of the upper end of the femur performed, with removal of a wedge of bone to 
correct deformity of the neck-shaft angle. Internal fixation of the fragments was combined with plaster 
immobilisation for three weeks, followed by active exercises in traction. Dr Miroslav Jaros discussed the 
etiology of congenital dislocation of the hip, and the possibilities of a mechanical origin as opposed to 
that of inherent developmental anomaly. Overwhelming evidence pointed to a developmental cause; 
this was indicated by the hereditary tendency, frequent association with other developmental defects, and 
occurrence of the anomaly in certain definite localities. The most probable explanation was spontaneous 
mutation of genes from interbreeding. Professor J]. Hanausek (Prague) described a retentive apparatus 
which in his practice had displaced plaster immobilisation. Replacement must be gentle and not violent. 
Abduction: of the thighs should not be greater than 60 degrees. To-day there was no indication whatever 
for the Lorenz frog-plaster in 90 degrees of abduction. His biomechanical apparatus was more successful. 
Professor B. Fvejka made a plea for conservative treatment in patients under three years of age. Reduction 
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was accomplished by gradual and gentle pressure, rather than by manipulation under anaesthesia. 
Abduction was maintained for at least one to two years. If the roof of the acetabulum was not then 
developed satisfactorily, a shelf operation was performed. 


, 


Pulled Elbow—Dy V. Tosovsky (Prague) described experiences of fifty cases of ‘‘ painful supination ’’ or 
“‘ pulled elbow,” the pathology of which was a perannular subluxation of the head of the radius. 


Secondary Sexual Character at Puberty—Dr Eduard Bena (Prague) reported studies of 1,700 boys 
with relation to the development of sexual characteristics. He related his work on physical and intellectual 
development to that of Verhulst, Robertson, and Brody. 


Tissue Transplantation for Many Disorders—Pyrofessor Jan Zahradnicek (Charles University, Prague) 
gave an account of one thousand tissue homotransplants, autotransplants, and animal transplants. A 
fragment of placenta, amnion, chorion, or skin, was cut from a living or dead body, refrigerated, and 
inserted under local anaesthesia into a pocket of the abdominal skin of patients suffering from Dupuytren’s 
contracture, keloid scar, rheumatic arthritis, osteoarthritis, ununited fracture, painful callus, ulcer, 
neuritis, neuralgia, essential hypertension, gastric ulcer, asthma, eczema, tuberculosis, scleroderma, 
Buerger’s disease, and psoriasis. Nearly all these patients were relieved; there were failures in only 
20 per cent! Every patient became more vigorous and more florid! Old patients became young! 

As an editorial comment we mu st say that we find it difficult to accept these amazing results. Can 
we have an assurance from Professor Zahradnicek that the merit of the procedure has been checked 
scientifically by controlled series? During the recent war a Missidn to the Soviet Union of British, 
American, and Canadian surgeons learned of similar claims for similar procedures; but on returning home 
and testing the preparations in a series of controlled cases, found it impossible to substantiate the claims. 


SCANDINAVIA 


The Scandinavian Orthopaedic Association met in Aarhus and Copenhagen on September 23 and 24, 
1948, under the presidency of Dr P. Bentzon. More than twenty short papers were read and discussed. 
Over fifty members and guests attended, including visitors from the United States and Great Britain. 
Professov Einharson read a paper on the neuropathology of poliomyelitis. Dr Momberg showed excellent 
coloured illustrations of the surgery of the hand. 


Danish Orthopaedic Society—The 1948 annual meeting of the Danish Orthopaedic Society was held in 
Copenhagen under the presidency of Dv A. Momberg. Eleven papers were on the programme. The 
British Orthopaedic Association was represented by Mr St J. D. Buxton (London). 


PORTUGAL 


A Portuguese Orthopaedic Society has been established under the leadership of Dr Arnaldo Rodo, 
Dr Azevedo Rua, Dr Antonio Menezes, Dr Carlos Ramos, Dr Abel da Cunha, Dr Azevedo Gomes. The 
Society is now awaiting recognition by the Ordem dos Medicos of Lisbon. We extend to our friends, the 
orthopaedic surgeons of Portugal, our best wishes for the success of their new venture. 


CORRESPONDENCE 


International Society of Orthopaedic Surgery and Traumatology—Dy Delchef (Brussels), 
Secretary-General, writes on the subject of the Editorial comment on the International Society published 
in the British issue of the Journal of Bone and Joint Surgery (Vol. 30-B, November 1948, page 480): 
‘I share completely your point of view as to the obligations of an editor, and I much prefer stimulating 
and constructive criticism to praise which only renders sterile those who are feeble enough to listen. But 
criticism must be well-founded, and as Secretary-General of the Society, I have been a little worried by 
the comments of which you have been the echo. 

‘‘The Statutes of the Society have been published regularly in the ‘Comptes Rendus des Congrés,’ 
first in Paris in 1930, then in London in 1933, and also in Bologna and Rome in 1936. These statutes 
decide the method of election of members and delegates under a general presidential directive which is 
responsible for every final decision. They regulate also the question of language and the time allowed for 
the delivery of contributions. 
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‘It may be that reproaches have been made in consequence of accidental and independent circum- 
stances. Before the Rome Congress there were 256 members who had the right to receive the Report of 
Congress. To-day, the number is more than doubled—there are 552 members, 74 elected in Rome, 112 
in Brussels, and 120 in Amsterdam. The report of the Brussels Congress did not publish the Statutes 
because the International Committee wanted to introduce certain amendments, without however altering 
the spirit of them. Thus 296 of our members do not yet possess a copy of the Constitution and Statutes. 
I indicated this anomaly to the General Assembly at the last Congress, and no doubt it explains the 
criticism which has been submitted to you. But it has been my agreeabie duty to send to you all the 
regulations of the Society as they exist to-day. Article 6 of the Statutes makes it possible for modifications 
and amendments to be made. 

As to the time allowed for delivery of a contribution I believe that a speaker should be able to make 
his point in ten minutes. Communications which are most worth listening to are usually the shortest.” 


Treatment of Fractures of the Shaft of the Femur—Dyr Edward Harlan Wilson (Columbus, Ohio) 
writes to say that the British Journal of Bone and Joint Surgery did not report accurately his observations 
on the treatment of fracture of the shaft of the femur at the joint meeting of the British, American, and 
Canadian Orthopaedic Associations in Quebec, June 1948. We recorded in Volume 30-B, page 572, that 
in the treatment of fractures of the femoral shaft, ‘‘ Dr Harlan Wilson believed that internal fixation with 
Dr Harlan Wilson regrets that ‘‘ poor choice 


” 


” 


screws and vitallium plates was the treatment of choice. 
of language and expression has given rise to this conclusion ’’ because he had no intent of making such a 
statement. He writes: ‘‘ The paper reviewed the reasons why open reduction of fractures of the femur 
had become more prevalent in the United States than in earlier years. It did point out certain advantages. 
It also mentioned that infection was one element of danger. A small series of cases was then presented 
in which open reduction had been used, not to justify it as a method of treatment but as an experiment 
in early and quick rehabilitation. One disastrous case was included. No conclusion was drawn because 
of the relatively few patients in the series. My own feeling was that while open reduction had resulted 
in early and excellent function, yet the one infectious disaster perhaps nullified all advantages which had 


occurred in the other cases.”’ 


A Doctor’s Personal Experience of Poliomyelitis—<An article published in the Lancet (October 9, 
1948) by a doctor, records his own experience as a victim of poliomyelitis. The contribution is of interest 
because it illustrates the point of view of the patient. The attack was severe. Breathing was at first 
difficult and it demanded concentration. In the early stages ‘‘ lumbar puncture was a great comfort.” 
Recovery began after the third day and continued steadily, although muscle tenderness persisted for six 
months. The muscles were exercised from the start. At the sixth week it took forty-five minutes to turn 
over in bed; but this could be accomplished in five minutes at the twelfth week. Walking, even with 
assistance, was not possible until after eighteen months. Nevertheless, in the third year, walks of two 
miles were accomplished with the aid of one stick; and in the fourth year it was possible to walk ten miles 
in five hours without a stick. 

The experiences of this observer support the general view that early return of voluntary muscle power 
is a good sign because muscles which regain power quickly maintain their lead and can be expected to 
become powerful; on the other hand the belief that muscles will not recover useful power unless they show 
recovery by the third month is refuted. All affected muscles gained more strength in the second three 
nonths than in the first three, and much more in the second six months than in the first six. Improvement 
in muscle power is still being made even after six years. The ill-effects of stagnation, and the immense 
value of physical and mental stimulation, are emphasized. Frequent passive movements were “a great 
lelight ’’; massage and warmth were comforting and they eased the muscle tenderness. 

- Fatigue is regarded by this doctor-patient as an essential part of muscle development. Nature seems 
0 provide reserves beyond ordinary demands and, if this reserve is steadily encroached upon, she builds 

larger one. It is the activity that the patient can only just perform, or cannot quite perform, that 
rings back strength. If increasing demands are not made, no improvement can be expected. At the 
nd of a session of effort the muscles should be appreciably weaker. Though fatigue is essential in 
leveloping increase of power it may nevertheless be dangerous if it is cumulative. There must always be 
. period of rest corresponding to the degree of exercise. If routine is so planned that muscles recover 
heir greatest strength at some time every day, there is nothing to fear. 

In summary it is said that there appears to be no limit to progress; that the beginning is the slowest; 
that fatigue is essential for muscle development; that rest and proper diet are also essential; and that the 
greatest problems are stagnation and loss of morale. 


Rowley Bristow Memorial Fund—Professor George Perkins writes: ‘‘ The Rowley Bristow Fund now 


amounts to £500. It is proposed to close the fund very shortly. Would those who wish to contribute 
kindly send their subscriptions to me at 149 Harley Street, London. 
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DUPUYTREN’S CONTRACTION: WITH SPECIAL REFERENCE TO AETIOLOGY AND 
IMPROVED SURGICAL TREATMENT: ITS OCCURRENCE IN EPILEPTICS: NOTE ON KNUCKLE- 
PADS. By Tord Skooc. 9}x6 in. Pp. 190, with 50 figures, including 4 colour plates. (Supplement 139, 
Acta Chirurgica Scandinavica, 96.) 1948. Uppsala: Almquist & Wiksells, Boktryckeri AB. Paper cover. 


Ever since 1832, when Dupuytren correctly attributed the finger contraction which bears his name 
to changes in the palmar aponeurosis, surgeons and pathologists have sought unsuccessfully an adequate 
explanation of the condition. It has been attributed to such widely varying pathological processes as 
syringomyelia, gout, pituitary deficiency and local neoplasm. Nevertheless, very few of the theories 
advanced withstand close analysis. Many are clearly based on isolated clinical coincidences. Indeed, a 
review of the literature gives cause only to deplore the lack of scientific reasoning of many of the authors. 
In the circumstances of this widespread confusion it is refreshing to read a well documented and reasoned 
review of the whole problem such as is contained in Dr Tord Skoog’s paper. Moreover, this work will be 
of special interest to British surgeons because it is based on material largely accumulated at the Plastic 
Surgery unit of the Queen Victoria Hospital at East Grinstead, directed by Sir Archibald McIndoe. 

The greater part of the monograph is devoted to a consideration of the clinical and pathological 
features of the contraction, with a full review of the literature. This leads up to an exposition of the 
author’s own conception of the cause. Dr Skoog is convinced that the primary pathological lesion, 
occurring usually in patients with an hereditary predisposition, is a rupture of aponeurotic fibres of the 
palmar fascia. Small haemorrhages follow, with the subsequent formation of fibrous tissue which contracts 
like any other scar. This process, oft repeated, leads ultimately to the formation of the typical dense 
contracted bands of fibrous tissues which characterise the disease. This conception is based mainly on 
histological and experimental evidence. Whether or not the conclusions are fully acceptable, it must be 
admitted that the arguments are based on sound reasoning, and that much of the accumulated evidence 
lends support to the possibility that trauma does at least play a part in causation. 

The paper concludes with a detailed and well illustrated account of the operative technique developed 
by McIndoe for excision of the palmar aponeurosis, inelegantly called ‘‘ aponeurosectomy.’’ The results 
reported from a series of fifty such operations are impressive. It is not stated, however, whether the 
operation is used exclusively for all cases of Dupuytren’s contracture irrespective of severity, or whether 
the alternative technique of amputation of the grossly contracted and stiff fifth finger has been employed 
for the worst cases; to this extent the stated results must be regarded with reserve. 

Dr Skoog’s paper will be of interest both to orthopaedic surgeons and plastic surgeons as well as to 
many pathologists. Like most exhaustive surveys it is somewhat heavy reading, but this is mitigated 
by the excellence of the English translation.—H. OsMonpD-CLARKE and J. Crawford ADAmMs. 


A WAY OF LIFE FOR THE HANDICAPPED CHILD. By Eirene Cottis, M.C.S.P., M.A.O.T. (with 
a Foreword by Somerville Hastincs, M.B., M.S. (Lond.), F.R.C.S. (Eng.), M.P., and an introduction by 
Winthrop M. PHE-ps, M.D., F.A.C.S. 84x 5}in. Pp. 168, with 12 figures. Glossary. Index. 1947. London: 
Faber and Faber Ltd. Price 10/6. 


In the United States, certain workers, notably Dr Winthrop Phelps of Baltimore, have approached 
the problem of cerebral palsy more intensively and comprehensively than has been usual in this country. 
Phelps has stressed particularly the need for accurate diagnosis and careful mental assessment. Mani- 
festations of cerebral palsy may be spasticity, athetosis, ataxia, rigidity or tremor. In congenital spastic 
diplegia, mental defect is frequent because the lesion is in the cerebral cortex; whereas, in athetosis, the 
lesion is in the basal ganglia, and most patients have a normal intelligence, although this is often masked 
by difficulties of speech, swallowing, and hearing. Such athetotic patients often exhibit superimposed 
muscular tension which is mistaken for spasticity, and in consequence they are sometimes subjected to 
operations which are unsuitable and indeed harmful. It is to these patients, almost as numerous as the 
true spastic diplegics, that Phelps has given special attention. 

Mrs Eirene Collis is a physiotherapist and occupational therapist who has had the advantage of 
working under Dr Phelps, to whose inspiration and encouragement she pays tribute. In 1943 she opened 
a treatment centre at Queen Mary’s Hospital for Children, Carshalton, and her valuable monograph is 
based largely on experience gained there. After a general description of the types of cerebral palsy and 
of the psychological problems in children suffering from them, Mrs Collis describes at length the principles 
of treatment and the details of re-education, relaxation and specific muscle training; some of the ingenious 
mechanical aids are clearly illustrated. These sections are excellent. Future editions might usefully 
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iclude detailed descriptions of the methods of occupational therapy, speech training and school work. 
he need for accurate and standard records is wisely stressed, and the graphic methods which have been 
ound most valuable are illustrated. Throughout, insistence is placed on team work among children, 


varents, and therapists. 
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Simple apparatus used in the training of children with cerebral palsy. 


In general, the approach is well balanced and comprehensive; the principles enunciated by Dr Phelps 
are presented clearly; and the details of specific treatment are supplemented by the author’s own wide 
experience in this difficult field. This monograph should be read carefully by both medical and lay members 
of any cerebral palsy team.—E. S. Evans. 


PROGRESS IN ORTHOPEDIC SURGERY FOR 1945. A Review prepared by an Editorial Board of 
the American Academy of Orthopaedic Surgeons. Reprinted from Archives of Surgery, 1947, 54 and 55. 
10}<62in. Pp. 327. Index. Chicago: American Medical Association. Paper cover. 


The American Academy of Orthopaedic Surgeons renders a great service to orthopaedics in issuing 
the annual ‘“‘ Progress in Orthopedic Surgery the indexed reprint from Archives of Surgery is an 
indispensable volume. Selection and abstracting are expertly done; and the members of the Editorial 
Board, with their associates, deserve, not only grateful thanks for their great labours, but also congratula- 
tions upon the outcome. The volume ful!y maintains the usual high standard. Its lateness depends 
on the delay in publication of the relevant Cumulative Index Medicus.—H. Jackson BurRRows. 


” 


fTHE RADIOLOGY OF BONES AND JOINTS. By James F. BraitsFrorp, M.D., Ph.D., F.R.C.P., 
V.1.C.S. Fourth edition. 108 in. Pp., xiv+760, with 615 figures. Index. 1948. London: J. & A. 
Churchill, Ltd. Price 63/-. 


The writing of a radiological text-book demands not only a wide knowledge of the subject but also 
facility in description, especially of those fine changes which distinguish the pathological from the normal 
and may precede evident clinical disturbance; hence the dearth of radiological text-books in English. 
Such should be not only a guide to the student but also a reference book for the practitioner; it should be 
comprehensive, well and simply written, well illustrated, and comprise a review of the world literature 

tremendous task. Brailsford’s first edition was mainly a work of reference, but he has now made it also 

guide for the student, having added enormously to its value by recording his personal experiences and 
observations of cases carefully followed up. He has stressed particularly the recognition of early changes 
nd has related them to their clinical manifestations. Without such a demonstration of living pathology, 
idiology is a dead subject. The first of the two parts into which the book is divided is concerned with 
mal and abnormal development of the bones and a topographical description of the whole skeleton, 
‘ginning with the hands and recording the pathology of each member. The second part deals with general 
ithological changes in the bones and the radiological manifestations of general diseases which cause 
condary changes in bone. Acute and chronic joint conditions are fully described and are classified 
idiologically. Tumours of bone are described in detail and their radiological and pathological appearances 
re correlated. A full bibliography completes the text. The illustrations are very good and their use- 
ilness is enhanced by line-drawings which emphasize their important points. Even more of these would 
elp the student, especially as the illustrations are perhaps rather small. Otherwise there is little to 
riticise in the book, except that it is a little irritating at times to have to look up so many pages to find 


VOL. 31 B, No. 1, FEBRUARY 1949 
















BOOK REVIEWS 


the complete radiological picture of a disease, so that continuity of reading is difficult. This must |e 
expected however in a reference book, and it is as such that this book should be a best seller. The auth: ir 
is to be congratulated on a monumental work likely to become a universal classic, and the publishers a e 
to be congratulated on the manner of its production. The first edition showed signs of teething trouble : 


the present shows maturity.—P. H. WHITAKER. 


A ESCAPULECTOMIA TOTAL PAROSTAL NOS NEOPLASMAS PRIMITIVOS DA OMOPLAT... 
By Fernando Ellis RrBerro. 107 in. Pp. 216, with 85 figures. Index. 1947. Rio de Janeir), 


Paper cover. 
This monograph on scapulectomy for the treatment of primary neoplasms of the shoulder blace 
gray p } A I 
Every aspect of the scapula, normal ani 


provides information previously distributed in many volumes. 
There aie 


pathological, is considered, and constant reference is made to work of numerous investigators. 
sections on embryological development illustrated with original microphotographs, on histology and 
centres of ossification. Pages 31 to 110 describe the scapula and its articular connections, muscles, bloc4d 
vessels and lymphatics on the familiar lines of any anatomical text-book, but also include fine points cf 
difference found by anatomists and anthropologists. These sections, which contain no new observation:, 
are illustrated with photographs of finely executed original dissections, and with line-drawings and diagrams 
They are followed by a brief historical section, in whic 


from German works illustrating muscular action. 
It is, however, incorrect to state 


there is an excellent review of early cases and more recent experience. 
that Ralph Cuming (not Cumming) excised part of the scapula in 1808. This remarkable young surgeoa 
performed in that year the first forequarter amputation. Dr Ribeiro should give the priority for subtotal 
excision of the scapula to James Luke of the London Hospital and the date as October 1828 (LUKE, J., 
1829: London Medical Gazette, 5, 235). 

Pages 117 to 131 are concerned with the technique of excision of the scapula, based on actual cases, 
dissections and an animal experiment, and illustrated with eleven beautiful drawings of each stage. 
This is the best section of the work. The stages themselves, from boomerang incision to final drainage, 
are clearly described in fifteen numbered paragraphs. Then is included a section on variations in the 
standard technique, as used by leading exponents and including some in which portions of the clavicle or 
humerus are removed. The author here describes his own successful experiment with one of these techniques, 
using Cebus Apella as a subject; this he illustrates with twenty-eight photographs. Mortality statistics 
from many authorities are quoted, but without reference to the author’s own experience. He does, 
however, state that in his cases there has been little shock, and that functional results except for writing 
have been excellent. The closing sections deal with indications for using this conservative operation as 
opposed to the mutilating operation of Paul Berger, a classification of tumours affecting the scapula, and a 
brief statistical analysis of their incidence; there is a concluding section on diagnosis. The book is the 
fruit of immense industry and may fulfil the author’s aim if this was to provide an abstract of all the relevant 
literature that was available to him. It is not, however, possible to come to any conclusion at the end 
of it, and the absence of criticism or comment, together with the difficulty of deciding when the author 
is referring to his own work, and when to that of others, increases the problem of deciding what his own 
views on any point may be. His bibliography is curiously incomplete; thus Berger’s classic work is omitted. 
Dr Ribeiro has been ill-served by his anonymous publisher and has himself drawn attention to some 120 


errata. Not even this list is complete.—J. J. KEEVIL. 


THE BRITISH ENCYCLOPAEDIA OF MEDICAL PRACTICE, including Medicine, Surgery, Obstetrics, 
Gynaecology, and other special subjects MEDICAL PROGRESS, 1948. Editor in Chief, Rt Hon. Lord 
Horper, G.C.V.O., M.D., F.R.C.P. 93x6} in. Pp. v+511+(28), with 5 figures. Index. 1948. 
London: Butterworth & Co., Ltd. 


“Medical Progress, 1948,’’ is a rather misleading title. The work is a supplement to the British 
Encylopaedia of Medical Practice, bringing this up to the beginning of 1948, and is composed of. critica! 
surveys (which do not include orthopaedics), recent pharmacological and therapeutic developments, and 
abstracts. These comprise the greater part of the book and are arranged alphabetically. That on bone 
diseases is particularly good. Other subjects of orthopaedic interest include joint diseases, poliomyelitis 
various endocrine, nutritional and vascular disorders, and so on. The wide scope of the volume implie 
rather sketchy treatment of individual subjects and a limited value for specialists—H. Jackson BuRRows 
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